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ABSTRACT 
India's "New Economic Policy" was introduced in 1991, advances were made 
in modernization and industrialization, but on the other hand, industrial pollution 
became evident especially in large cities and surrounding areas. 
India has developed its ovm environmental policy regime over the period of 
last three decades, with an exclusive ministry of enviroimient and forests in the 
Government of India. The policy regime largely comprises legislations and therefore, 
belongs to the Command and Control (CAC) category. Economic instruments 
comprising tax incentives and subsidies are the other dimension of the policy regime. 
Though the environmental policy regime is applicable to all economic activities in the 
f country, the small scale industries have to obtain No Objection Certificate (NOC) and 
consent from the Central Pollution Control Board, Ministry of Environment and 
Forests, Government of India only in 17 product categories, which are considered 
highly polluting. 
In 1976, India passed a constitutional amendment leading to eventual passage 
of the country's Environmental Protection Act. This act provided for greater 
coordination among India's environmental ministries for pollution control and 
environmental conservation activities. In 1985, the Gandhi government elevated the 
Ministry of Environment to the status of a ministerial agency, signaling a greater 
emphasis on environmental protection within the country. This newfound attention to 
the environment, however, was secondary to the government's overall emphasis on 
the technological development of India. 
It is now known that sustainable industrial development requires the 
preservation of the environment. Industries create a demand not only for waste 
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receptive services from the environmental media: air, forests, land and water but also 
for some material inputs supplied by the environmental resources, for example, wood 
in the paper and pulp industry. Environmental resources can ensure a sustainable 
supply of these services, if they are preserved at their natural regenerative level or the 
demand for waste receptive services is equal to the waste assimilative capacity of the 
environmental resources. Given that the demand for envirormiental services from 
various economic activities can exceed the natviral sustainable levels of supply at a 
given time, and if measures are not taken to reduce this excess demand to zero then it 
is likely that there can be a degradation of environmental resources. The cost of 
reducing the demand for environmental services to the natural sustainable level of 
supply is regarded as the cost of sustainable use of environmental resources and in the 
case of industrial demand for environmental services; it is the cost of sustainable 
industrial development. 
The Introductory Chapter discusses the scenario in brief and sets the agenda 
for study by identifying research questions that are; 
• How the environmental regulations for the industry have changed the 
environmental performance of the industries involved in such activity? 
• What can explain the variation in compliance between firms? 
• What needs to be done to improve compliance with envirormiental 
regulations.^ 
Besides setting the problem in the proper context, it also explains the 
methodology, database and limitations of the study. 
The Second Chapter contains the referential matter on the numerous aspects 
of sustainability. Environmental concerns arose during the transitional phase of rapid 
and massive industrialisation especially in India and some heavily industrialized 
economies of the world. Some selected views of the renowned scholars who have 
dealt with in length on different aspects of the Industrialisation and in due process its 
irreversible impacts on enviroimient are being given here under; 
There is no conflict between development and protection of the enviroiunent. 
Destruction of the environment increases cost and creates impediments in the way of 
development. The study further says that a rational strategy would be restructuring 
institutions dealing with pollution prevention and integration of envirormient concerns 
with economic policy (Dr. R.K. Pachauri, 1997). 
All industrial activities have adverse impact on the environment, but a few 
sectors of SMEs have a major impacts and the industry has found it difficult to 
mitigate these adverse impacts. It may be true that small firms of certain industries are 
dynamic while those of others are stagnant; that some are environmentally mild while 
others are highly polluting. If small enterprises are generally clean, then 
environmental concerns are misplaced. If they are generating pollution but stagnant, 
then economic growth will diminish their role over time. But if small firms are 
pollution intensive and fast growing, there is cause for concern because small plants 
are difficult and costly to regulate (A.K. Ghose, 2001). 
The largest 50 large point sources of emissions, which are mainly power 
plants, contribute almost 50% of all India emissions. Though, there has been rapid 
penetration of natural gas technologies, coal are still projected to have a substantial 
share in electricity generation in India. In these circumstances, it may be easier to 
control these few large emitters and strict regulation and enforcement may be 
imposed. The envirormiental regulations in India are mostly of the command and 
control type. With the opening up of the economy, there might be a shift to economic 
or market based regulatory instruments. One of the possibilities that are expected to 
evolve is emission trading mechanisms. The power plants are characterized by 
differences in terms of performance, the quality of coal used, the thermal generation 
technologies, the efficiency of operations, maintenance, plant load factors, the age of 
the unit and so on. These differences would be giving rise to different emission levels 
and costs of control for the same. If annual emission ceilings are imposed, this would 
aid plants which are more envirorunentally efficient. The improved energy efficiency 
of generation has resulted in the intensity of carbon emissions to follow a declining 
trend. Assuming the carbon intensity to indicate the baseline, the states show a 
downward sloping baseline for thermal plants. The difference between the average 
and marginal baselines indicate that a major portion of the emissions come from older 
plants. Retirement of old plants and installation of new capacities has further scope 
for driving down the baseline (Prof. P.R Shukla et. al, 2003). 
Market failures provide a justification for government intervention in markets. 
In the area of environmental protection, markets do not exist for some environmental 
resources, such as air and water in river because these resources possess the 
characteristics of public goods (U. Sankar, 1998). 
The most important and immediate consequences of environmental 
degradation in the developing world take the form of damage to human health. They 
further argued that diarrhoea is a common occurrence in many developing countries 
with three million to five million cases recorded every year (D.W. Pearce and J.J. 
Warford, 1993) and so on. 
The Third Chapter presents the legal and institutional framework specifically 
related to sustainability and pollution control mechanism; which came into existence 
during long and tireless journey of industrialisation and developmental process in 
India. 
This chapter primarily focuses on the various statutes and policies so far 
enacted by the government of India and its constituent states to deal with 
environmental degradation, a byproduct of all round development. All of these policies 
and statutes have recognized the need for sustainable development in their specific 
contexts and formulated necessary strategies to give effect to such recognition. The 
recent national environment policies seek to extend the coverage, and fill in gaps that 
still exist, in light of present knowledge and accumulated experience. They do not 
displace, but builds on the earlier policies. 
The chapter also focuses on the numerous steps other than legal to tackle the 
pollution menace. Some of them are economic instnmients such as pollution taxes, 
subsidies and marketable pollution permits. Pollution taxes and marketable pollution 
permits are considered as remedial measures in the free-market processes in order to 
deal with the externality of environmental pollution. They are called market-based 
instruments because they facilitate the market to function efficiently even with the 
environmental externalities. One of the important features of economic instruments is 
that they facilitate the choice of least cost pollution abatement technologies. 
Moreover, this chapter also gives a glimpse of people's participation in the 
sustainable development process. Collective action or people's participation has been 
emerged as an alternative institution to economic instnmients such as pollution taxes 
in order to deal with environmental problems. 
Chapter Four explains the various aspects of industrial pollution and 
environment. Industrialization is likely to affect environment in various manner. 
Polluting the atmosphere, especially in terms of air and water quality has been one of 
the most important negative externality of industrial development. Pollutants are of 
two kinds: (i) Natural pollutants, i.e., they arise from the nature, and (ii) 
Anthropogenic pollutants, which result from human activity. Natural pollutants rise 
from non artificial processes in nature, such as gases associated with the decay of 
animals and plants, particles from volcanic eruptions, salt spray from the oceans, and 
pollen. Anthropogenic pollutants are human induced and include all residuals 
associated with consumption and production. Some examples include gases and 
particles from combustion and chemical wastes from certain manufacturing processes. 
Of these two, anthropogenic pollutants are of primary concern particiilarly those for 
which nature has little or no assimilative capacity (Callan and Thomas, 2000). 
The chapter also discusses the classification of industries based upon the large 
data base in terms of effluents and emissions generated over the years of its existence, 
has classified industries in Red, Orange and Green categories. In this classification 
'Red' represents highly polluting industries and 'Green' represents marginally 
polluting units. 'Orange' categories are moderately polluting industries. The 
proposed classification does not only simplify the common man's understanding 
regarding pollution but also helps in prioritization of plans and programmes of 
pollution control and surveillance according to pollution potential of a particular 
category of industry. The industries which classified as 'Red Category' are; 
^ Fertilizers (Nitrogen/Phosphate) 
^ Sugar 
^ Cement 
^ Fermentation and distillery 
^ Alirniinum 
-li mygi^''* 
^ Petrochemicals 
^ Thermal power 
^ Oil refining 
^ Sulphuric acid 
^ Tarmeries 
^ Copper smelter 
^ Zinc smelter 
(j> Iron and steel 
^ Pulp and paper 
^ Die and die intermediates 
^ Pesticides manufacture and formulation 
^ Basic drugs and pharmaceuticals 
Moreover, the chapter analyses the recent trends of industrial Air pollution, 
Industrial Water pollution and Industrial Solid Waste. In this context, the share of 
industries in water pollution is changing over the period 1980 to 1996. Chemical 
industries appear to be an important candidate for water pollution monitoring. 
Although the share of Food is the maximimi, there are signs of decline in this sector. 
Another important pollutant, Textiles is also showing a declining trend. Increase in 
the share of Chemicals could also be because the composition of industrial output has 
changed from metal and metal based to chemical and chemical based and also to 
micro-electronic based. Such a trend was reported even during the 1980s. The power 
sector is a major consumer of coal, using about 78 per cent of the country's coal 
production. In 2006-07, India had encountered 495.54 million tormes per year of total 
absolute emissions of CO2 from the power sector itself The contribution of India to 
the cumulative global CO2 emissions is only 5 per cent. Thus historically, and at 2 
^<va^>^ 
present, India's share in the carbon stock in the atmosphere is relatively very small 
when compared to its population. 
India's average BOD emission is 1466967 kg per day, while for China it is 
5847050 kg per day, for USA 2504205 kg per day. It is also obvious that BOD 
emission variation in India is lower than USA and China. 
Chapter Five includes broader aspects of pollution control mechanism operates 
in India. Pollution in India costs billions of rupees to millions of people of India The 
role of the central government, the state governments and polluting industries itself 
has been elaborated in mitigating the widespread pollution. In this context, the Central 
Pollution Control Board of India in 1992 has launched a water pollution control 
program in order to tackle the problem of industrial pollution. It has identified 1551 
large and medium industries, and given a time schedule for compliance with the 
prescribed standards. In response of the prescribed standards a drastic reduction can 
be observed in the number of non-compliant industries. Doubts remain, however, 
concerning the actual operation of the installed treatment units. There is indeed 
evidence that many industries only run their effluent treatment plant (ETP) during the 
inspections. 
This chapter also traces the extent to which small scale industries degraded the 
environment. The toughest choice that Indian authorities have to face in terms of 
industrial pollution control is posed by pollution of small scale industries (SSIs). 
Indeed, the smallest facilities are the one for which adaptation to the environmental 
standard are less affordable. The number of SSIs is estimated to be over 0.32 million 
units, of which many are highly polluting. The share of the SSIs in term of wastewater 
generation among several of the major polluting industries was reported to be about 
40%. 
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In India, the industrial or corporate environmental responsibility is gaining its 
ground. It may be seen that Indian industries have already started to consider such 
externalities and adopted measure for pollution control, of course, under executive 
and judicial pressure. But, absence of relevant database makes the task to estimate 
such cost and its effect on country's economy difficult. 
The Last Chapter presents the findings of the study and recommendations in 
a consolidated form. It may be said that dirty industries are not only growing, but, also 
contributing significantly towards employment generation and national income. The 
cost incurred by these industries in pollution abatement is apparently low but requires 
further study to understand its effect on actual pollution abatement and product price. 
Then only the actual estimation of externalities will be feasible. Meanwhile, the trend 
is observed among the environmentalists or the green benches to shut down the 
polluting industries on the basis of complaints, public interest litigation, etc. as an 
immediate or interim measure to stop pollution and protect environment. 
The study also recommends a further probe into industrialisation and its 
impact on environment. The central government and state governments should 
seriously chalkout some working formula to tackle the menace of industrialisation to 
secure the present and future generation. 
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Chapter-1 
Introduction 
1.1 THE PROBLEM: 
Before the beginning of the industrial revolution, some two centuries ago, 
human activities on the average were not really incompatible with a healthy and 
sustainable biosphere. The vast majority of humans lived and worked on farms. Land 
was the primary source of wealth. Horses and other animals, supplemented by 
windmills, sails, and waterwheels, provided virtually all power for ploughing, milling, 
mining and transport. The sun, either directly or through products of photosynthesis, 
provided virtually all energy except in a few coal mining regions. Metals were mined 
and smelted (primarily by means of charcoal), but their uses were almost exclusively 
metallic rather than chemical. Recycling was normal. Precisely because wealth was 
derived exclusively from the land, Thomas Malthus worried at the end of the 
eighteenth century about the propensity of human population to grow exponentially, in 
view of the limited amount of potentially arable land available for human cultivation. 
As we approach the end of the twentieth century, humans are far more 
numerous and also wealthier on average than they were two centuries ago when 
Malthus wrote. In particular, those countries that industrialized first are now 
comparatively rich. In the rich coimtries most people live in cities. Land is no longer 
the primary source of wealth. Energy (except food) is largely derived from the 
combustion of fossil fuels (coal, oil, gas). Power for machines is obtained mainly from 
engines driven by heat from (internal or external) combustion of fossil fuels. The 
Nuclear and hydroelectric power is together account for a relatively small percentage 
of the total economic affairs. However, one key attribute of this recent rise to wealth is 
critical for the future of humankind: what we have achieved so far has been done by 
exploiting an endowment of natural capital, especially topsoil and minerals. For some 
material resources technology can offer viable substitutes. For other resources in the 
natural endowment notably the biosphere and its functions has no substitute. 
It is now known that sustainable industrial development requires the 
preservation of the environment, hidustries create a demand not only for waste 
receptive services from the environmental media: air, forests, land and water but also 
for some material inputs supplied by the environmental resources, for example, wood 
in the paper and pulp industry. Envirormiental resources can ensure a sustainable 
supply of these services, if they are preserved at their natural regenerative level or the 
demand for waste receptive services is equal to the waste assimilative capacity of the 
environmental resources. Given the demand for environmental services from various 
economic activities can exceed the natural sustainable levels of supply at a given time, 
and if measures are not taken to reduce this excess demand to zero then it is likely that 
there can be a degradation of environmental resources. The cost of reducing the 
demand for environmental services to the natural sustainable level of supply is 
regarded as the cost of sustainable use of environmental resources and in the case of 
industrial demand for environmental services; it is the cost of sustainable industrial 
development. 
As a part of environmental regulation, a firm faces a supply constraint on 
environmental services in the form of prescribed standards for the effluent quality. 
The effluent standards are normally fixed such that the demand for the services of 
environmental media does not exceed the natural sustainable level of supply. The firm 
has to spend some of its resources to reduce the pollution loads to meet the effluent 
quality standards. The firm with a resource constraint will have lesser resources left 
for the production of its main product after meeting the standards. Therefore, the 
opportunity cost of meeting these standards is in the form of a reduced output of the 
firm. If all the firms in the industry meet the standards, the value of the reduced output 
of firms is the cost of sustainable industrial development. How to estimate this cost for 
a competitive firm facing the environmental regulation? ft has to be estimated by 
studying the firm's behavior in the decision-making regarding pollution loads and the 
choice of pollution abatement technologies. In response to environmental regulation, 
firms may adopt different types of technologies to reduce pollution. Jorgenson and 
Wilcoxen (1990) identify three different responses of firms. First, the firm may 
substitute less polluting inputs for more polluting ones. Second, the firm may change 
the production process to reduce emissions. Third, the firm may invest in pollution-
abatement devices. In practice, a firm may adopt a mix of these methods. The first two 
methods are non-separable with the production processes of main products while the 
third method is known as end-of-the pipe method. Switching to cleaner inputs may be 
the least disruptive of the above three possible responses of the firm depending on the 
ease of substitutability of inputs. Because it does not necessarily require extensive 
reorganization of the production process as do the second and third responses. A high 
degree of substitutability between inputs implies low costs of environmental 
regulation and vice-versa. The second response to pollution control is the process 
change, which involves the redesign of production methods to reduce emissions. Such 
internal process changes may have either a positive or negative effects on production 
of the 'good' output. For example, the internal process changes may require more 
input for a given level of good output, thus having a negative impact on productivity. 
On the other hand, it may very well also reduce the requirement of inputs, due to a 
more efficient production process, and then have a positive impact on productivity. 
The third response to pollution control is to invest in abatement technology, i.e., in the 
use of special devices to treat wastes after they have been generated. According to 
Jorgenson and Wilcoxen (1990), end of pipe abatement is often the choice of existing 
firms to meet newly imposed standards. This type of investment in external treatment 
imposes a direct cost on the industry and thus raises the total input costs for a given 
level of output. The net impact of environmental regulation or pollution control on 
firms' production performance depends on which of the above effects dominate. 
Therefore, it is left to empirical analysis to establish the magnitude of the net effect in 
each particular case. A method of estimating cost of abatement of polluting firms 
should account for the cost of all three responses of firms to comply with 
environmental regulation. 
Environmental regulation could constitute institutions of (a) Market, (b) 
Government, and (c) Community. A practical policy may involve all these institutions. 
Environmental pollution is an economic extemality caused by the activities related to 
production and consumption of goods and services in the economy. Alternatively the 
waste disposal services offered by the environmental media: water, air and forests 
could be considered as the public goods for which markets are absent. In either 
interpretation, the management of environmental resources could be seen as a case of 
market failure and therefore it is prescribed originally for the Government to intervene 
in the market process to control environmental externalities. Historically government 
intervention has taken the form of government ow^nership of envirormiental resource 
(example government taking the property rights over forests), use of direct regulatory 
measures (command and controls), and indirect measures like pollution taxes and 
permits (Pigou, 1920; Baumol, 1972; Dales, 1968). Experience shows that the 
government management of environmental externalities is a failure especially in the 
developing countries because of non-benevolent governments and resource constraints 
on meeting the high transaction cost of designing and implementing these instruments. 
Alternative institutions to control environmental externalities in which government 
plays a minimal role have developed drawing mainly from Coase's seminal 
contribution (Coase, 1960). Empirical experience in developing countries shows that 
where government regulation (formal regulation) is weak or absent, regulation by 
people's participation or local communities (informal regulation) has resulted in the 
control of environmental externalities like industrial pollution or forest degradation 
(Murty et al. 1999; World Bank, 1999). There is also now some evidence to suggest 
that market agents: producers, consumers, local communities, and government have 
incentives to voluntarily work for the reduction of environmental externalities. This 
phenomenon is called a new model of pollution control (World Bank, 1999). 
India's "New Economic Policy" was introduced in 1991; advances were made 
in modernization and industrialisation. India has wide industrial base and almost all 
types of manufacturing industries are existing or being set up. The pace of 
industrialisation has been accelerated with the recent liberalization progranunes in the 
country and has been stimulated by the entry of well known multinationals and 
foreign capital. The controls are gradually being relaxed with continuous reforms in 
duties, taxes and administrative structure. However, the development of infrastructure 
has not picked up with the same pace as industriaHzation and is proving to be a bottle-
neck. The Government of India is paying a lot of attention to attract private investment 
in this vital sector. About 7500 large scale and a very large number of small and 
medium enterprises (SME's) are operational in India. The large scale enterprises are 
more or less compatible with industries anywhere else. However, SME's have special 
characteristics and deserve elaborate explanation. The Small and Medium Scale 
Industries form the backbone of Indian economy. There are 3 Million SMEs in the 
country as against a mere 2000 industries in the large scale sector. The SMEs spread 
over an area of 3.28 million sq. km account for over 40% of the industrial production 
and 30% of the country's export. These SMEs also contribute towards more than 65% 
of the industrial waste generated within the country. This waste not only results in a 
loss of precious raw materials but also degrades the environment. 
Environmental pollution is one of the serious problems faced by the people 
in the country. Rapid population growth, industrialization and urbanization in 
country are adversely affecting the environment. Though the relationship is 
complex, population size and growth tend to expand and accelerate these human 
impacts on the environment. All these in turn lead to an increase in the pollution 
levels. However, environmental pollution not only leads to deteriorating 
environmental conditions but also have adverse effects on the health of people. India 
is one of the most degraded environment countries in the world and it is paying 
heavy health and economic price for it. 
In India, Environmental problems and issues received special attention of the 
Government of India during the beginning of the Fourth Five Year Plan (Aprill, 
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1969 to March 31, 1974). As a follow-up step, a National Committee of 
Environmental Planning and Co-ordination (NCEPC) was set up in 1972 under the 
Department of Science and Technology. A separate Empowered Committee was set 
up in 1980 for reviewing the existing legislative measures and administrative 
machinery for ensuring environmental protection and for recommending ways to 
strengthen them. On the recommendations of this Empowered Conmiittee, a separate 
Department of Environment was set up in 1980 which was subsequently upgraded to 
a full-fledged Ministry of Environment and Forests in 1985 to serve as the focal 
point in the administrative structure of the Government of India for the planning, 
promotion and co-ordination of environmental and forestry programmes. The State 
departments of environment, Central and State Pollution Control Boards, the 
Botanical and Zoological Survey of India, the Forest Survey of India, the National 
River Conservation Authority (formerly Central Ganga Authority), the National 
Afforestation and Eco- development Board, the Indian Council for Forestry 
Research and Education, the Wildlife Institute of India, the National Museum for 
Natural History, etc., are the Ministry's partners in carrying out environmental 
protection activities. 
In India, striking environmental balance with economic growth is a subject 
of state policy. Since 1974, various environmental laws have been enacted and 
numerous institutions have been set up to implement the objectives of these laws. 
But this traditional form of governance -enacting a law and then setting up a 
bureaucracy to implement it - has failed to reduce industrial pollution in India. 
Monitoring mechanisms are often not effective because of poor availability of 
financial and human resources. Enforcement mechanisms also lack teeth. Part of the 
reason is also that government agencies have failed to inform the public in a way 
that there is a constant debate on ways to reconcile difficult contradictions between 
environment and development and thus, unleash an energy that would overtake the 
current inertia. 
Although India has had relatively stringent environmental regulations for the 
past 10-15 years, the country continues to encounter enormous environmental 
problems, many of these as a result of industrial activity. For this, industry 
regulations to reduce pollution have been in place since 1986, but measurements of 
the effluent from the industry still show that the concentrations of chemicals and 
organic matter are too high. What can explain this lack of conformity between 
regulations and reality? To address this question, three research questions were 
formulated that are; 
1. How the environmental regulations for the industry have changed the 
environmental performance of the industries involved in such activity? 
2. What can explain the variation in compliance between firms? 
3. What needs to be done to improve compliance with environmental regulations? 
1.2 REVIEW OF LITERATURE: 
It pertains to study of referential matters related to problem of the study. It is 
elaborated as separate chapter (i.e. chapter-2) under the scheme of the study. 
1.3 OBJECTIVES OF STUDY: 
The study primarily aims at probing the nature and magnitude of 
environmental pollution generated by industrialisation and suggests appropriate 
remedial measures for pollution abatement. The specific objectives of the study are: 
1. To identify the pollutants due to various activities in the industry clusters and 
develop a pollution profile; 
2. To probe the factors that influences the current level of pollution; 
3. To identify appropriate abatement measures related to these factors to reduce the 
environmental pollution; 
4. To determine the costs and benefits of pollution abatement measures; 
5. To develop a policy framework to promote environment friendly industrialization; 
6. To aid in better formulation of policies by the government leading to sustainable 
development of Indian industries. 
1.4 SCOPE OF THE STUDY: 
The problem of environmental pollution is likely to be more acute in large 
scale industries, medium scale industries and small scale industries which are listed in 
'Red Category' by Central Pollution Control Board. Traditional Small Scale Industries 
clusters are by nature more polluting due to various factors such as technological 
obsolescence, lack of awareness among entrepreneurs about better alternatives, higher 
composition of unskilled labour force, etc. Therefore, study is confined to those 
industries which are listed as 'Red Category' in all categories of industries. In Indian 
context, those industries listed as 'Red Category' are given below 
d> Fertilizers (Nitrogen/Phosphate) 
^ Sugar 
^ Cement 
^ Fermentation and distillery 
rf> Aluminum 
<J> Petrochemicals 
^ Thermal power 
^ Oil refining 
^ Sulphuric acid 
^ Tanneries 
d> Copper smelter 
^ Zinc smelter 
^ Iron and steel 
^ Pulp and paper 
^ Die and die intermediates 
d> Pesticides manufacture and formulation 
^ Basic drugs and pharmaceuticals 
I would also like to bring it to attention that the study focuses mainly on air and 
water pollution generated by a very few industries included in the 'Red Category' (i.e. 17 
highly polluting industries) of industry. 
1.5 DATA SOURCES AND METHODOLOGY USED: 
The study is exclusively based on the secondary data. The relevant data have 
been collected from the various sources such as industrial reports, Government 
gazettes, published books, reports, research papers and various journals etc. The 
descriptive and content analysis methods of research methodology have been used in 
the study. In this context, statistical tools such as standard deviation. Minimum and 
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Maximum Values, Average or Mean, Growth rates and Graphs have been used for 
analyzing the available relevant data. 
1.6 LIMITATIONS OF THE STUDY: 
The database on industrial pollution, especially lethal and toxic pollution 
emissions are extremely scarce in India. There is serious doubt about both the 
completeness and the accuracy of the governmental and institutional reports becaiise 
published data are very difficult to reconcile with materials balance estimates. In 
India, the published data on environmental quality are very limited and sketchy. The 
limited data gathered by government bodies do not have adequate coverage in terms of 
time or space. Since these data are generally collected as part of a department's 
routine programme for some specific purposes. It is really a difficult task to make 
exact and tacit inferences and generalize it. 
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Chapter- 2 
REVIEW OF LITEARTURE 
Raul O'Ryan et al. (2003) in their article entitled, "A Computable General 
Equilibrium (CGE) framework to evaluate policy options for reducing air 
pollution emissions in Chile" published in Environment and Development 
Economics, vol.8, pp. 285-309, states that successful economic growth in Chile based 
on open market and export strategy, is characterized by a high dependence on natural 
resources, and by following production and consumption patterns. There is an 
increasing concern about the need to make potentially significant tradeoff between 
economic growth and environmental improvements by using the CGE model, direct 
and indirect effects of imposing environmental taxes in Chile for P.Mio as well as 
taxes on fuels. The study also analyses the effects over macroeconomic variable as 
well as sectoral distribution and environmental variables. There are winners and 
looser. Macro-economic and distributional impacts are low when low emission 
reduction is required, however they can be significant if a 50% reduction in emissions 
are imposed. 
R.P. Sharma (1997) in his article entitled, "Sustaining our Rivers" published 
in Yoj ana, 1997 says that due to increased human activities over the years and 
unplanned growth of the industries till early eighties, rivers in India have been put to 
great pressure resulting in their pollution. This problem is compounded by uneven 
availability of water in both space and time on one hand and large scale abstractions in 
the upper reaches of rivers to meet the water requirement for irrigation. As per study, 
river Ganga out of 14 major rivers of India was considered to be one of the most 
polluted rivers. Nearly 75% pollution of the rivers was on account of discharge of 
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untreated municipal sewage into the river from large and medium towns located along 
it and remaining 25% pollution was caused by the discharge of partly treated untreated 
trade effluents from industries. Govt, of India has taken a stock of it and launched 
river cleaning programme called as Ganga Action Plan (GAP) in 1985. Ganga Action 
Plan is a fully centrally funded programme of Govt, of India and it has noted some 
positive impact. Ganga Action Plan is appropriate for other basins also. However, 
Ganga Action Plan should be carried on to root out water pollution in India. 
P. Khanna (1997) in his article, "Environmental Evaluation of Economic 
Growth: An agenda for change", published in Yojana, 1997 brings out the urgency 
for following an agenda for ecological modernization in the process of liberalization. 
Authors feel that pursuing the targets of growth solely in GDP could lead the country 
away from sustainability. The concern of authors needs a national debate on the 
present and future scenario of India's Economic Journey. 
B. Bhattacharya (1997) in his article, "Environment and Trade: some 
issues", outlined that there is a threat to India's exports due to environmental 
measures introduced by some developed countries is acute in leather and textile 
industries. Environmental measures introduced by developed countries can also 
hamper the Agro related exports. Hence, Indian industry has to go higher level of 
environmental standards to meet the demand of trade partners. 
Dr. R.K. Pachauri (1997) in his article entitled, "Development and 
Environment" published in Yojana, 1997 brought out that there is no conflict 
between development and protection of the environment. Destruction of the 
environment increases cost and creates impediments in the way of development. The 
study further says that a rational strategy would be restructuring institutions dealing 
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with pollution prevention and integration of environment concerns with economic 
policy. 
Krishna Mahajan (1997) in his article entitled, "Enforcing environmental 
laws: some issues", bears great importance. It says that there is no dearth of laws 
relating to environment protection in India. The apex court of India has also laid down 
that sustainable development is a legal obligation of each government. It also says that 
number of envirormiental cases is mounting and at the same time inadequacy of a 
machinery to deal with these cases speedily, the matter of enforcement of laws is 
looking starkly at face. 
Shrikanta K. Panigrahi (2003) in his article entitled, "Environment 
Protection and the Tenth Plan", published in Yojana, January 2003, pp.37-42 
reveals that the concept of sustainable development has emerged as a prescription for 
human survival and at the same time ensures long term maintenance of eco-system 
health. It also outlines that one of the priority requirements for achieving sustainable 
development is to create sustainable human societies in India. 
Prakash Chand (2003) in his article entitled, "Environment and the 
labour", says that the Supreme Court order on industrial closure/relocation of 
polluting industries in Delhi was supposedly a step in the direction of environmental 
protection m the capital city of India and to ensure its development as per the master 
plan of Delhi. It also revealed that at some of the closed and relocated industrial units 
in the National Capital Region (NCR - Delhi) found this dream unrealized. 
The study revealed that not only was the chief motive behind the whole 
exercise defeated, but it has also had far reaching consequences for the workers and 
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their families. It is estimated that around 1.5 million workers have been rendered 
jobless as a result of industrial closure/relocation in Delhi (Down to Earth, 2000). 
Ramachandra Guha (1992) in his articles entitled, "Prehistory of Indian 
Environmentalism Intellectual Tradition", observed that the study of natural 
resource conflict and the anthropological study of indigenous conservation systems 
are two important ways in which one can construct a lineage for Indian 
Environmentalism. The study takes up yet a third alternative, the provision of an 
intellectual genealogy for the movement. The study also concerned with these 
forgotten thinkers in India, who in a rational, reflective mode, provided vital insight 
into peoples' relationship with nature. 
M.N. Murthy (2001) in his article entitled, "Environmental regulations and 
the economics of environmental policies" at length wrote about the theoretical and 
practical aspects of sustainable development in general with special reference to 
Indian scenario. The study outlined various instruments and mechanisms for dealing 
with the problem of envirormiental damages/ degradation. 
Hua Wang and David Wheeler (2003) in their article, "Equilibrium 
Pollution and Economic Development in China" deals with a structural equilibrium 
pollution model, in which the price and quantity of industrial pollution are jointly 
determined by the intersection of environmental demand and supply functions. The 
industrial environmental demand function relates industrial pollution intensity to the 
local price of population, while controlling for characteristics such as sector, scale and 
ownership. The local environmental supply function specifies the pollution price 
imposed by the host community as pollution rises. The model provides a good fill to 
available data on provincial variation in China's pollution levy, or industrial emissions 
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charge. It also revealed that Chinese industry has reduced emissions significantly in 
response to the levy. 
Shekhar Singh (1993) in his article entitled, "Budgeting for environment", 
highlighted the impact of the new economic policy on environment and steps to 
improve the situation. It revealed that almost all the consumer items that are being 
promoted and propagated have significant bearing upon environment. The 
encouragement of consumerism as it is being done in India is anti-theoretical to the 
concept of sustainable development. The author outlined that the whole development 
strategy has to be rethought and there must be a sustainable development path for 
India. 
G.S. Sastry and R. Jagannatha Rao (2002) in their article, "Emerging 
Development Issue in a Hill forest Region, India" have shown that sustainable 
development of hill forest regions is complex for their location specificity, but 
imperative for well being of the country's economy, environment and population. 
However, hill forest regional commonalities provide some dues for their sustainable 
development. The Western Ghats of Kamataka, a well known forest region, has 
emerged with unique ecological, economic, demographic and infrastructure specificity 
with more of divergence from the hill-forest regional commonality. The region has 
experienced higher population growth, industrialization, urbanization and 
infrastructural development. The region has shovra a declining share of primary sector 
and increasing share in both secondary and tertiary sector. The emerging prominence 
of non-primary sector in the traditionally known forest region has posed several 
development issues to maintain and promote the Western Ghats as a forest region. 
16 
V. Shantha Kumar (2003) in his article entitled, "Citizens' Action for 
protecting the environment in developing countries: An economic analysis of the 
outcome with empirical cases from India" analyses the impact of citizens' action for 
protecting the environment in the context of the institutional features of developing 
countries. The enforcement of environmental regulation is likely to weak developing 
countries and thus their citizens are being compelled to sue the polluters or take direct 
actions that are costly to the polluters. The theoretical and empirical analysis, based on 
25 cases of citizens action from Kerala state of India, show that their impact is 
influenced by the institutional deficiencies of the country. Such deficiencies include 
the delay in resolving conflicts through courts interventions and the lower cost of 
taking actions of civil disobedience due to poor law and order enforcement. The 
analysis leads to conclusion that citizens, action may not be very effective controlling 
pollution from existing factories, and may be effective in blocking the establishment 
of new factories. Both these outcome i.e. the continued pollution in existing factories, 
and zero pollution (Non-establishment) of new factories/projects, cause social losses 
in the former case of the citizens in the later for the polluter. 
M.N. Murthy, Surender Kumar (2002) in their article entitled, "Measuring 
the Cost of Environmentally Sustainable Industrial Development in India: A 
Distance Function Approach" , attempt to estimates the maintenance cost of water 
pollution abatement measures for the Indian industry, using the methodology of 
distance function in the theory of production. The distance fimction is estimated using 
both programming and stochastic frontier models for a sample of water polluting 
industries in India. The firm specification shadow prices for pollutant, measures of 
efficiency, and scale of economies are estimated. Estimates show that on average the 
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cost to the Indian industry for reducing one ton of BOD and COD are respectively, Rs. 
0.246 and 0.077 million, large differences in the estimates of firm specific shadow 
prices of pollutants reflects the use of inefficient water pollution abatement 
technologies. The relationship between firm specific shadow prices or marginal costs 
of abatement of BOD and COD and the index of compliances (ratio of effluent load to 
sale value) and the pollution load reductions obtained confirm the earlier empirical 
results of studies on water pollution abatement in Indian industries. 
Palmer, K. et al. (1995) in their article entitled, "Tightening Environmental 
Standards: The benefit cost or No cost paradigm", Journal of economics 
Perspecfive, vol. 9, pp. 119-32 are remain skepfical of the widespread existence of 
Porters hypothesis of such win-vdn opportunities. Although, Palmer et al. clearly 
don't accept the basic arguments of the porter hypothesis, they do agree that 
environmental regulation and production efficiency may be related. 
According to them "we acknowledge that regulations which sometimes lead to 
the discovery of cost saving or quality improving innovation, in other words we don't 
believe that firms are ever vigilantly perched on their efficiency fi-ontier. They, 
however indicate that more systematic studies are needed to establish the extent of the 
effect. 
Porter and Vander Linde (1995) in their article entitled, "Towards a new 
conception of the environment competitiveness relationship" argued that properly 
designed environmental standards can trigger innovation that may partially or more 
than fiilly offset the cost of complying with them. Such innovation offset as one can 
call them, cannot only lower the net costs of meeting environmental regulations, but 
even lead to absolute advantages. They further contended that innovation offset occurs 
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mainly because pollution regulation is often coincidence with improved efficiency of 
resource usage and the inference is that stiffer environmental regulation results in 
greater production efficiency. 
M.N. Murthy and Surrender Kumar (2004) in their book, "Environmental 
and economic accounting for industry", discuss at length about industrial cost to 
society and benefit that may emerge out of pollution control legislation in the context 
of Indian economy. They outline a framework for environmental and economic 
accounting for Indian industries by estimating the cost of water pollution abatement 
and how this could be accounted in the estimation of environmentally corrected MNP 
for the Industrial water pollution in India. They also provide a new methodological 
benchmark in India. The use of distance functions approach to estimate shadow prices 
of pollutants from primary data collected from a large number of water polluting 
industries has open a new chapter for further valuable researches in India. 
It also provides a framework for policy makers, industrialists, industries 
concerned, governmental bodies that what measures would be adopted for sustainable 
industrial development in India. 
Rohini Chaturvedi (2004) in her article entitled, "Environmental hearings: 
participatory forums or mere procedure", says that statutory environmental public 
hearing is a first step towards recognizing the local conmiunity as a stakeholder in 
environmental development. But the law falls short of ensuring stakeholder's views 
are to be incorporated in the final decision. In order to develop partnership among the 
public, industry and the government with the aim of assuring sustainable 
development, the public hearings process needs to be strengthened. 
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Public participation in the decision-making is expected to serve the dual 
objective of developing a positive attitude towards the projects as well as reducing 
resentment and the criticism of the project. Such participation requires information to 
improve decision-making by the government and proponents, and obtaining public 
opinion about the projects. The present law allows for enviromnental public hearing 
only in the process of environmental clearance. However, this technique has the 
potential to emerge as a powerful tool for subsequent industrial monitoring. As the 
community experiences the impacts of industry sitting and operation, the quality of 
the participation will certainly improve. In addition, regular public hearing can help in 
forging a strong community industry rapport. 
Sandeep Singh (2003) in his article, "Green Business prospects: 
Environmental Goods and services at WTO" says that the negotiations under the 
WTO regime on environmental goods and services (EOS) issues are proceeding at a 
slow pace, developed nations seem to be the most likely gainers in terms of increased 
market access for their environmental products. Most of developing nations are net 
importers of these products. 
However, the Indian environmental industry is still in its nascent stage and if 
properly developed and offered some protection, could gain access to market beyond 
its political boundary. 
V.S. Vyas and V. Ratna Reddy (1998) in their article "Assessment of 
Environmental Policies and Policy Implementation in India" have shown that the 
political economy of the developing countries does not allow to neglect the demands 
of the poor, and though the developed countries are mainly responsible for global 
enviromnental problems, the developing world cannot remain oblivious of its own 
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environmental degradation. In spite of promulgating various acts and institutions, the 
record of their implementation has been dismal. There has been a recent spurt in 
NGOs activities in generating environmental awareness. Yet, systematic introduction 
of envirormient issues into educational curricula is aw^aited. 
Shreekant Gupta (2003) in his article, "India, CDM and Kyoto Protocol" 
says that with impending ratification of the Kyoto protocol by Russia, the treaty will 
come into effect, making a landmark event in efforts at climate change. It is clear that 
countries like India will be affected by any global architecture for greenhouse gas 
(GHG) abatement that emerges. Despite near-term uncertainty about the size of the 
clean development mechanism market and the price of certified emissions reductions 
(CERs), it is very likely that India will be a major player. In the long-term, India with 
other developing countries may take on some commitments especially where 
emissions trading may be an important component of the GHG abatement 
architecture. It is, however, important that we understand and address the problems in 
using a market-based approach to environmental management in India, particularly 
with respect to monitoring and enforcement. 
y . Santhakumar and Achin Chakraborty (2003) in their article entitled, 
"Environmental costs and their impact on the net present value of a hydro-
electric project in Kerala, India" published in Environment and development (vol. 
8, pp. 311-330) have shown the operational procedures involved in incorporating the 
environmental costs in the cost benefit analysis of a hydroelectric project. The 
proposed project, if implemented, would result in the loss of 2,800 hectares of tropical 
forests and dislocation of two settlements of about 200 families who are currently 
dependent on the forests for their livelihood. The forests are mainly used for 
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extracting weed- a material used by traditional artisans and the paper-pulp industry. 
The potential environmental costs and benefits of the project are identified and 
approximate estimates of some of these costs are made for items such as carbon 
sequestration, bio-diversity and so on, based on similar estimates made elsewhere. 
These estimated environmental costs are incorporated into the analysis, and the 
hypothetical estimates of the non-use value, which would make the project's net 
benefit zero, is estimated under different discount rates. The analysis brings into sharp 
focus on some crucial factors that have a direct bearing on the social trade off 
involved in the project choice. 
U.C. Jha (2004) in his article, "Environmental Issues and SAARC", 
published in Economic and Political Weekly (April, 2004) has found that core 
problem areas in South Asia is environmental degradation that have in part been 
aggravated by the political mistrust among countries in the region. In the present 
atmosphere of convivial platform of cooperation like SAARC offer scope to set in 
place new institutions that can work towards solving and mitigating some of the more 
persistent environmental problems. 
Regional and international cooperation in tackling environmental degradation 
is the need of the time because pollution does not know the political boundary. 
Ajit Menon (2006) in his article, "Environmental policy, legislation and 
construction of social Nature" published in Economic and Political Weekly (Jan. 
2006) attempts to trace the changes in the envirorunent policy-making and the way 
social concerns have been problematised in the academic debates on the draft National 
Environment Policy, 2004 and the Scheduled Tribes (Recognition of Forest Rights) 
Bill 2005. But such an exercise is needed to understand the possibilities and 
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limitations of policy pronouncement and legislative action, given the current politico-
economic disposition. This is an attempt to fill this void and explores the changing 
nature of the environment policy-making and the shift in the manner in which social 
concerns are addressed. 
UNEP (2002) in its report says that India has the world's second largest 
population and is the world's sixth largest emitter of carbon dioxide (CO2). It is 
estimated that emitted 908 million tones of CO2 in 1998 which is 4 per cent of the 
world's total. However, per capita emissions of CO2 are 0.93 MT per annum were 
well below the world average of 3.87 MT per annum. The rate of growth of 
greenhouse gases (GHG) emissions in India is 4.6 per cent annually, compared to a 2 
per cent world average. 
Further, among sectors of the economy that accotmt for CO2 emissions from 
energy, prominent are fiiel combustion in industry (41%), electricity production (34%) 
and transport (17%). The main source of energy in India is coal mainly used for 
producing electricity and industrial energy requirement accounts for 62 per cent of 
CO2 emissions. During 1990-95 emissions in electricity grew at 8.6 per cent annually 
and industrial sector emissions grew at an armual rate of 4.7 per cent. 
Leimbach (2003) in his article, "Equity and Carbon Emission Trading: A 
Model Analysis", says that the equal per capita allocation principle of emission rights 
influences the inter-temporal path of emissions and the distribution of mitigation costs 
in the long-run. It also shows that several developing coimtries including India could 
benefit considerably from joining an international emission trading system, thereby 
becoming potential collaborators in post-Kyoto protocol. 
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Hart, Stuart L (1997) in his article entitled, "Beyond Greening: Strategies 
for a Sustainable World", published in Harvard Business Review Jan and Feb. has 
mentioned that new environmental strategy for business evolves three steps. The first 
step is the pollution prevention. The second step is the product stewardship and the 
final step is the development of new technologies for the future generation. 
H. Siebert, I. Walter and Zimmermann (1979) in their article entitled, 
"Regional Environmental Policy", published by New York University Press, have 
cited the examples of transnational pollution from Europe and show how land-use 
planning has been used to concentrate polluting activities in particular areas called 
"black spots". They also show that nations have strong incentives to locate their black 
spots near their borders with other nations. 
D. Jorgenson and P. J. Wilcozen (1990) in the article entitled, 
"Environmental regulation and U.S. economic growth", RAND Journal of 
economics have mentioned the different types of technologies adopted by the firms to 
reduce pollution. In fact, they have identified three different responses of the firms. 
First, the firm may substitute less polluting inputs for polluting ones. Second, the firm 
may changed the production process to reduce emissions. Third, the firm may invest 
in pollution abatement devices. In practice, a firm may adopt a mix of these methods. 
The first two methods are non-separable with the production process of main products 
while the third method is known as and-of-the-pipe method. 
D.W. Pearce et al. (1978) in the article entitled "The Valuation Of Social 
Costs", has analyzed that the rapid industrialization has resulted in heavy discharges 
of toxic chemical effluents to various water sources like streams, rivers and tanks 
causing serious damage to water qizality and contamination of groundwater. He has 
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further analyzed the effects of different levels of water quality on output and income 
in irrigated agriculture. 
D.W. Pearce and J.J. Warford (1993) in the paper entitled, "World without 
End: Economics, Environment and Sustainable Development", published from 
Oxford University Press, have argued that the most important and immediate 
consequences of environmental degradation in the developing world take the form of 
damage to human health. They further argued that diarrhea is a common occurrence in 
many developing countries with three million to five million cases recorded every 
year. 
World Bank (1998) in its report "Annual Environment Report", (Oct., 
1988), revealed that India loses a whopping $80 billion annually on accoimt of 
sickness and death from pollution and economic costs attributable to resource 
degradation. The loss due to poor environment is pegged in excess of $200 billion in 
purchasing power parity (PPP) terms. It also says that deteriorating water quality due 
to poor sanitation, industrial effluents and pesticide runoff, lack of clean water, poor 
solid waste management and air pollution are the main problems in south Asia. Air 
pollution which closely associated with urbanisation and industrialisation in 
developing countries is seriously affecting the health of children and adults. 
A.K. Ghose (2001) in his article, "SMEs and Environment Protection" 
published in productivity, vol. 42, No. 2, pp. 210-216, is of the view that all industrial 
activities have adverse impact on the environment, but a few sectors of SMEs have a 
major impacts and the industry has found it difficult to mitigate these adverse impacts. 
It may be true that small firms of certain industries are dynamic while those of others 
are stagnant; that some are environmentally mild while others are highly polluting. If 
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small enterprises are generally clean, then environmental concerns are misplaced. If 
they are generating pollution but stagnant, then economic growth will diminish their 
role over time. But if small firms are pollution intensive and fast growing, there is 
cause for concern because small plants are difficult and costly to regulate. 
Prof. P.R Shukla et. al (2003): In his article entitled, "Environmental: Issues 
and challenges in the Thermal power Generation", has shown that CO2 emission 
from large point sources continue to increase and SO2 emissions is projected to 
decrease. The reduction in SO2 emissions would be further strengthened by another 
recent policy decision on mandatory washing of coal that is used 700 Km away from 
the mine mouth. This measure is aimed at reducing fly ash and also simultaneously 
reduces some sulfur. This reduction of SO2 emissions fiirther indicates that the disjoint 
between the GHG and local pollutant emissions is unfolding gradually in India. The 
largest 50 large point sources of emissions, which are mainly power plants, contribute 
almost 50% of all India emissions. Though, there has been rapid penetration of natural 
gas technologies, coal are still projected to have a substantial share in electricity 
generation in India. In these circumstances, it may be easier to control these few large 
emitters and strict regulation and enforcement may be imposed. The environmental 
regulations in India are mostly of the command and control type. With the opening up 
of the economy, there might be a shift to economic or market based regulatory 
instruments. One of the possibilities that are expected to evolve is emission trading 
mechanisms. The power plants are characterized by differences in terms of 
performance, the quality of coal used, the thermal generation technologies, the 
efficiency of operations, maintenance, plant load factors, the age of the unit and so on. 
These differences would be giving rise to different emission levels and costs of control 
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for the same. If annual emission ceilings are imposed, this would aid plants which are 
more environmentally efficient. Environmental costs change the relative ranking of 
technologies in terms of costs. When environmental costs are internalized, gas 
technologies become more competitive than coal technologies. Cost of CCGT falls to 
level below that of conventional sub-critical pulverized coal technology. Hydro 
continues to remain the cheapest source. Furthermore, the case studies of the states of 
Gujarat and Andhra Pradesh show those energy efficiencies have been improving after 
the initiation of the reforms. This has been mainly due to the penetration of natural 
gas, use of washed and imported coal, and investments in renovation and 
modernization projects. The improved energy efficiency of generation has resulted in 
the intensity of carbon emissions to follow a declining trend. Assuming the carbon 
intensity to indicate the baseline, the states show a downward sloping baseline for 
thermal plants. The difference between the average and marginal baselines indicate 
that a major portion of the emissions come from older plants. Retirement of old plants 
and installation of new capacities has fiirther scope for driving down the baseline. 
U. Sankar (1998): In his article entitled, "Laws and Institutions Relating to 
Environmental Protection in India", has outlined that market failures provide a 
justification for government intervention in markets. In the area of environmental 
protection, markets do not exist for some environmental resources, such as air and 
water in river because these resources possess the characteristics of public goods. 
Hence, when the social goal is economic efficiency, even Coase would assign 
a role for the state in the assigiunent of property rights to the resources and in 
undertaking measures to reduce the transaction costs to facilitate bargaining between 
private parties. The Coasean approach also presupposes a court system to deal with 
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cases when bargaining between two or more parties does not result in a mutually 
beneficial solution. Pigou advocates state intervention in the form of a tax on the 
polluting units. The Pigouvian prescription has now taken the form of the polluter 
pays principle. 
Equity considerations are also important in environmental policy making. When 
the distribution of income is highly skewed and about one-third of the population live 
below the poverty line intra-generational equity must be of social concern. The reason 
is that the poor are the victims of environmental degradation even though their 
contribution to environmental degradation is proportionately less than that of the rich. 
Further, the poor do not have the means to undertake averting expenditures to protect 
them from various environmental hazards. 
Intergenerational equity has been accepted by both international agencies and 
many countries as an operational principle of sustainable development. The 
government must function as a trustee for the vmbom. The precautionary principle 
suggests that when there are great uncertainties about the magnitudes of option and 
existence values of an ecological resource, preservation or conservation may be a 
better policy option than development. Therefore government intervention to preserve 
scenic spots, wild life sanctuary and biodiversity is justified in the public interest. 
In terms of Durkheim's (1984) classification Indian envirorunental laws are 
repressive. In Weber's (1980) sense the laws are prohibitive. In terms of typologies 
adopted in the ADB Report (1998), the existing laws and rules come under the 
typologies "state-rule based" and "state-discretionary". India's experience with 
environmental policy making during the last three decades reveals that government 
failures do occur under a command and control regime. 
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When the economy is being liberalised and globalised the environmental 
policy must also change. As the resources are limited and the central, state and local 
governments face severe budget constraints, cost benefit analysis of environmental 
laws and regulations should be made mandatory. Wherever feasible, greater reliance 
should be placed on the use of economic instruments for envirormiental protection 
because, if the instruments are well designed, they can signal the users of 
environmental resources about the social scarcity values of these resources and at the 
same time generate revenues to the governments. The government can also provide an 
enabling environment to community based organizations to participate in the 
management of local commons and in the enforcement of environmental laws and 
rules. The government must make a transparent and conscious assessment of the 
tradeoff between efficiency and equity in the matter of environmental policy. 
Narayanan and T. Palanivel (2003) in their article entitled, 
"Industrialisation and the Environmental Quality under Economic Reforms: An 
Indian Case Study", have brought out that An inverted U-shaped relationship 
between industrial value added per capita and the indicator of air quality is displayed 
by carbon monoxide. It shows that at lower levels of industrial value added per capita, 
air pollution rises and then after reaching a peak, gradually declines when the value 
added increases. This relationship between CO2 and industrial value added per capita 
is statistically significant at 1- per cent level in a two-tailed test. The estimated 
turning point for the inverted U- shaped curve appear at industrial value added per 
capita US $ 85 [at constantl995 prices], which India achieved in the year 1995. 
On the other hand, in the case of water pollution, the reverse seems to be 
taking place. The curve takes a U-shaped relationship showing that at both very low 
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as well as very high levels of industrial value added per capita, BOD tends to be high. 
That is, as the industrial value added increases, the water pollution level goes down 
and after a certain point the additional industrial output is leading to increased water 
pollution. This curve estimation is also significant at 1 - per cent level in a two-tailed 
test. Usually, the turning points for water quality indicators occur at relatively lower 
levels of income than those for air pollution. The turning point for upward sloping 
appears to be at industrial value added per capita US $ 65 (at constant 1995 prices). 
In the context of a developing country like India, it is very important to note 
that the relationships between pollution emission and industrial value added should 
only be taken as an indicator of sustainability. It is possible to attribute the inverted U-
shaped relationship between carbon emissions and industrial value added to the 
observed increase in energy efficiency. Further, from the observed industrial 
distribution of FDI one could support the contention that the new industrial output is 
much less pollution intensive than the older ones. However, it is not possible to feel 
complacent, especially because pollution emissions in absolute terms appear to have 
increased in India during the post reform period when compared to the 1980s. Much 
of this increase in pollution (CO2) could be attributed to the growth of transport sector. 
With respect to water pollution, it must be observed that chemical industry, which has 
grown at a high rate during the last two decades, could be the major factor. It could be 
argued that most industrial establishments do not fulfill the effluent treatment 
considerations. It is quite likely that these industries are actually not in a position to 
invest the amoimt of money required for water pollution abatement 
Further, it may be pointed out that industrial output may not be the only factor 
explaining CO2 and BOD, and therefore, it is important to examine the role of 
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industrial value added in the presence of other explanatory variables, especially 
factors capturing technological efforts, foreign direct investment and trade orientation. 
Augustin Maria (2002) in her article entitled, "the costs of water pollution 
in India", has outlined the general view of the efforts taken in India to understand the 
economic implication of water pollution. The measurement of pollution in river flows 
and underground reservoirs developed during the last decades and it is now possible to 
have an overview of the ambient water quality in the country thanks to a network of 
around 500 monitoring stations. The information available is expressed using the 
ambient quality standards defined by the CPCB and does not allow a real analysis of 
the water pollution problem; nevertheless, it shows clearly that pollution is exceeding 
the standards in many places. The only attempt at giving a nation-wide cost of water 
pollution is the study carried out by Brandon & Homman (1995). The figures provided 
are only rough estimates. Moreover, the cost provided is only deduced fi-om the 
overall figures on diarrheal diseases occurrence in the country, and lets aside many 
other significant costs. Nevertheless, even if tmderestimated, the figure of 4.53% of 
GDP for the total cost of pollution, with surface water pollution accounting for 59% of 
it has the merit of being clear. India cannot afford not to deal v^ ath water pollution. 
The rough results provided by Brandon & Homman may be enriched with the 
comparison with similar although more local studies. Three other studies were 
reviewed in this report, each of them applying a different method in order to put a 
price on environmental change. The study carried out by Misra (1999) showed results 
from a survey using the contingent valuation method (CVM) in order to assess the 
willingness to pay of local population in the surroimding of an industrial area for an 
improvement in ambient water quality. CVM was also applied in an attempt at valuing 
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the benefits from the Ganga Action Plan (Markyanda & Murty, 2000). A method more 
similar to the one applied by Brandon & Homman was used in Appasamy et. al (2002) 
were several type of costs (health, agriculture and fisheries productivity) were 
calculated in the case of the Noyyal river basin in Maharashtra. The second type of 
studies reviewed dealt with costs of pollution reduction. Most of the academic works 
have done in this field to deal wdth industrial pollution. Several methods have been 
applied in order to estimate pollution abatement function for different sectors of the 
Indian industry. Nevertheless, very few information is available on the cost of 
controlling other types of pollution such as domestic pollution and especially 
agricultural pollution. 
One of important findings is that in the political as well as in the academic 
spheres, much attention has been paid to the control of industrial pollution so far. 
Although advances in this field have to be sustained, it is necessary to take measures 
to tackle the problems arising from other and more complex sources of pollution such 
as uncollected domestic wastewater or agricultural run-off 
M.N. Murty (2004): In his article entitled, "Valuation and Accounting of 
Industrial Water Pollution and Design of Economic Policy Instruments in 
India", has brought out the method of estimating pollution abatement cost of industry 
should comprehensively account for all the efforts the industry makes to control 
pollution. The methodology of distance functions in the theory of production could be 
used to describe the technology of polluting firms as one producing jointly good 
outputs and bad outputs. Estimates of output and input distance functions of the 
industry could be used to estimate the pollution abatement cost and pollutant specific 
marginal abatement cost functions. Estimates of shadow prices of bad outputs or 
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marginal costs of pollution abatement are made for the Indian industry. The primary 
data collected through two surveys of the firms during the period 1994-95 to 2000-01 
for a large number of polluting firms in the Indian industry are used to estimate output 
distance functions. The surveys provide detailed data on water pollution, while the 
data for air pollution is very limited due to a poor response from the surveyed firms 
about air pollution. Therefore, the estimates for the shadow prices of three major water 
pollutants, BOD, COD, and SS that are made using the estimates of parameters of 
output distance function are reliable estimates. A large variation in shadow prices of 
bad outputs across the observations is attributable to the variations in the degree of 
compliance across the firms. 
The estimates of physical and monetary accounts of industrial pollution in 
India given in this paper provide inputs for developing envirorunental and economic 
accounts using the United Nations methodology of integrated enviroimiental and 
economic accounting. The monetary value of net additions to stocks of BOD, COD, 
and SS are estimated as Rs. 87,780.289 million for the year 1997-98. Given the 
estimate of net national product (NNP) for India for the year 1997-98 as Rs. 
11,731,393 million at 1996-97 prices, the environmentally corrected NNP for India, 
corrected for industrial pollution is estimated as Rs. 11,643,613.3 millions for the year 
1997-98. Assimilative capacity of environmental media and the damages to the public 
from pollution determine the supply of waste disposal services, while the demand for 
them is determined by the cost of pollution abatement to the industries given the 
environmental regulation. Pollution tax is nothing but the price that equates the supply 
and demand for envirorunental services. Given the pollution standards based on the 
assimilative capacity of environmental media, the supply of waste disposal services is 
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fixed. The pollution tax or price is then determined by the demand price or the 
marginal cost of abatement for the waste disposal services. This method of designing 
the pollution tax is called the tax-standard method. 
The case study about designing tax-standard method for water pollution 
abatement described in this paper clearly brings out the merit of using such an 
approach. This approach can benefit those affected by pollution, industry and the 
government, in contrast to command and control measures or regulations currently in 
practice in India. The case study shows in the context of a selected number of firms 
from all over the country, the methodology of determining a set of tax rates to enforce 
the existing standards for water quality in the coimtry. The estimates of pollutant 
specific marginal abatement cost functions are obtained from an estimate of output 
distance function for the polluting industry. These estimates are in turn used to 
estimate the pollutant specific taxes for realizing the pollution standards. 
Prakash Nelliya(2003) in his article entitled, "Industrial Growth and 
Water Pollution in Noyyal River Basin, India", has shown that the rapid 
industrialization in developing countries has lead to tremendous pressure on the 
available finite water resources particularly at the regional level. This phenomenon is 
quite evident in the areas where water intensive industrial units like textile dyeing, 
leather tanning, paper and pulp processing etc. thrives rapidly. In many places the 
continuous discharge of effluents over a period, which probably exceeds the 
assimilative capacity of environment, leads to accumulation of pollutants on ground 
water and soils. Moreover the direct discharge of effluents on water bodies like river, 
streams, tanks etc. significantly impact economic activities downstream of the 
drainage basin. In developing countries the effluent Treatment programmes 
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(especially for small units) are often not effective and the enforcement agency (say 
Pollution Control Board in India) is not strict enough. To some extent the prevailing 
socio-economic circumstances compel policy makers to consider the benefits provided 
by the industry rather than the environmental damages. The possibility for public 
agitation against the pollution is also small when the industrial activities are major 
sources of employment and income. Unfortunately, the social cost of pollution is not 
much studied due to the data constraints and complexity in methodology. 
In Tirupur during 1981, only 68 bleaching and dyeing (textile processing) units 
were fimctioning. The number rapidly increased to 450 in 1991 and 866 in 1997. But 
because of the pressure from the Tamil Nadu Pollution Control Board (TNPCB) 
against the discharge of untreated effluents some units have closed and at present 702 
textile processing units are functioning. These units together used aroimd 85 million 
litres per day (mid) of water and discharge a similar quantity (83 mid) as effluents. 
The effluents carry considerable volume of chemicals used at different processing 
stage in the units. The quantity of cloth processed by these units is aroimd 15,000 
tonnes per month. Of the 702 units, 278 units are treating 38 mid of effluents through 
8 Common Effluent Treatment Plants (CETPs) and 424 units are treating 45 mid of 
effluents through Individual Effluent Treatment Plants (lETPs). For effluent treatment, 
US $ 10 million were spent for fixed costs, which are highly subsidized by the 
government. Unfortunately, the present treatment system is insufficient for reducing 
the Total Dissolved Solids (TDS), particularly the Chloride and Sulphates. The 
average TDS concentration in the treated effluents is as high as 6394 mg/1 in lETPs 
and 6537 mg/1 in CETPs, which is far higher than the TNPCB standard of 2100 mg/1. 
The same is true of Chloride which averages 3290 mg/1 in lETPs and 3127 mg/1 in 
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CETPs whereas the standard is 1000 mg/1. In fact, the partially treated effluents are 
discharged on land or into the river (Noyyal). Most of this effluents flow into the soils, 
ground water and surface water sources (river, system tanks, reservoirs etc.) in Tirupur 
area and downstream of the Noyyal river. 
M.N. Murty and Surender Kuinar(2001) in their article, "Win-Win 
Opportunities and Environmental Regulation: Testing of Porter Hypothesis for 
Indian Manufacturing Industries", have estimated technical efficiency by using 
three-year panel data for 92 water-polluting firms in India. The stochastic output 
distance fimction is estimated by considering that the firms are jointly producing good 
and bad outputs. The estimates of firm-specific technical efficiency are made using the 
parameters of estimated output distance ftinction. These estimate show that on an 
average the Indian water polluting industry is inefficient by 49 percent. The Porter 
hypothesis about the possibility of win-win opportunities for the firms subjected to 
environmental regulation is tested for the Indian water-polluting industry. This is done 
by estimating the output distance function jointly with the equation explaining the 
relationship between technical inefficiency and indices of envirorunental regulation 
and water conservation and the time variable. The main empirical result is that the 
technical efficiency of firms increases with the intensity of envirorunental regulation 
and the water conservation efforts. This result supports the Porter hypothesis about 
environmental regulation. 
Vinish Kathuria (2001) in his article entitled, "Pollution: Prevention vs. 
Control , Is EOP Treatment the Solution", published in Economic and Political 
Weekly(July,21) has successfiilly brought out that the industrial pollution control in 
many developing countries is complicated by the fact that a sizeable number of units 
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are small-scale lacking any kind of pollution abatement and control capabilities. These 
units are not only constrained by their sizes, but also have insufficient technical 
knowledge, face financial bottlenecks and have limited managerial capabilities. All 
these characteristics imply treating effluent by individual units is not feasible. 
Moreover, the costs associated with individual treatment would be prohibitive making 
it impractical also. Common effluent treatment plants (CETPs) have been advocated 
as a cost-effective solution for compliance with the standards for small-scale polluting 
units in industrial estates/clusters. The CETP for a homogeneous group of small-scale 
units with identical production process can yield desirable results, but whether the 
CETPs solve the problems of a cluster of heterogeneous industries is heavily debated 
these days. 
Subodh Sharma et. al (2006) in the article entitled, "Greenhouse gas 
emissions from India: A perspective", have shown that considerable improvements 
have been made in the GHG emission inventory reported in the Indian initial national 
communication to the UNFCCC(United Nations Framework Convention on Climate 
Change) with respect to the ones reported earlier. The improvements are mainly in the 
nature of more comprehensive reporting of sources and sinks, the use of a wider 
emission factor database representing country specific circimistances, and following a 
bottom up approach. The total amount of GHGs emitted in India, according to this 
report, was 1228 million tonnes, which accounted for only 3 per cent of the total 
global Emissions, and of which 63 per cent was emitted as CO2, 33 per cent as CH4, 
and the rest 4 per cent as N2O. The GHG emissions in the years 1990, 1994 and 2000 
increased from 988 to 1228 to 1484 million tonnes respectively and the compounded 
annual growth rate of these emissions between 1990 and 2000 has been 4.2 per cent. 
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Emissions from the industrial sector registered the highest rate of growth per armum 
within this period. A comparison of the Indian emissions with some of the largest 
global emitters indicates that the absolute value of Indian emissions is 24% of the US 
emissions, 31% of China and 80% of the USSR in 2000. The Indian per capita 
emissions are only 7% of the US, 13% of Germany, 14% of UK, 15% of Japan, 45% 
of China and 38% of global average in 2000. When the Indian emissions are compared 
with some of the rapidly developing countries such as China and Brazil, it is seen that 
their compounded aimual emission growth rates are 5 and 6 per cent respectively as 
compared to the 4.2 per cent per anniun for India. The Indian GHG emissions are 
projected to increase by almost three times with respect to the 1990 emissions in 2020. 
These emission projections are driven by the developmental needs of the country. It is 
perceived that the various climate-friendly initiatives introduced, such as enhancement 
of energy efficiency, promotion of use of renewable energy resources and introduction 
of envirormiental measures such as enhancement of afforested land area will address 
such climate change issues effectively. India's national developmental targets and 
plans have a sustainable developmental focus, wherein many climate change concerns 
would also be addressed. These conscious decisions require committing substantial 
resources for climate-friendly sustainable development. As reporting of GHG 
inventory by sources and sinks to the UNFCCC is a continuing process, the challenge 
lies in reporting a more refined inventory every time, which is transparent, 
comprehensive, comparable and accurate as well. 
38 
Chapter-3 
ENVIRONMENTAL POLICIES AND INSTITUTIONS: 
THE INDIAN SCENARIO 
3.1 THE ENVIRONMENTAL POLICIES AND INSTITUTIONS IN INDIA 
The present legal institutions for environmental management in India are the 
result of a spate of environmental laws enacted by the Indian Parliament in the 
aftermath of the UN Conference on the Human Environment in Stockholm in 1972. 
Addressing this Conference, the Prime Minster of India, Mrs. Indira Gandhi said, 
"The enviroimiental problems of developing countries are not side effect of excessive 
industrialization but reflect the inadequacy of development. For the rich countries 
development is caused by the environmental destruction, but for developing countries 
it is one of the primary means of improving the environment for living, or providing 
food, water, sanitation and shelter, or making the desert green and the inountains 
habitable. " 
The policy makers believed that there is no trade-off between development 
and environment but in fact the relationship between them is complementary with the 
governmental effort for the preservation of environmental resources as an integral part 
of the overall strategy of economic development. It is this view which led to the 
emergence of supporting institutions for the environmentally sustainable economic 
development in India. But the history of some important statutes concerned directly or 
indirectly with environmental management in India can be traced as back as 1865. 
Some of them are worth mentioning as Bengal Smoke Nuisance Act of 1905; Bombay 
Smoke Nuisance Act of 1912; Wild Birds Animal Protection Act of 1912; Motor 
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Vehicles Act of 1938; Factories Act of 1948; River Boards Act of 1956; The Indian 
Forest Act of 1865; Elephant Preservation Act of 1879; Indian Easement Act of 1882 
protecting the property rights of riparian owners against pollution by upstream users 
etc. 
The Stockholm Conference in 1972 had led the Government of India to form 
the National Commission on Enviroimiental Planning (NCEP) in the same year in the 
Department of Science and Technology which was regarded as an apex body of all 
environmental matters whose main responsibility was to plan and co-ordinate the 
activities of various ministries and agencies dealing with environmental matters. The 
following of the enactment of environmental laws consisting of Wildlife Protection 
Act, 1972 and Water (Prevention and Control of Pollution) Act, 1974 has been a land 
mark for the beginning of an era of governmental regulation for the control of 
environmental pollution in India. In continuation, the Government of India has 
undertaken a number of regulatory and promotional measures including the Water 
(Prevention and Control of Pollution) Cess Act, 1977; the Forest (Conservation) Act, 
1980; the Air (Pollution and Control of Pollution) Act, 1981; the Environment 
(Protection) Act, 1986; Amendment of the Motor Vehicles Act of 1938 in 1988; the 
Public Liability Act, 1991 and a notification on Coastal Regulation Zone, 1991. 
Among the above mentioned legislations , the Water (Prevention and Control of 
Pollution) Act, 1974, amended in 1986; the Water (Prevention and Control of 
Pollution) Cess Act, 1977 amended in 1988; the Air (Prevention and Control of 
Pollution) Act 1981, amended in 1988; the Environmental Protection Act, 1986; the 
Forest (Conservation) Act, 1980, amended in 1988 and the Wildlife (Protection) Act, 
1972, amended in 1983, 1986 and 1991 are the most important laws related to the 
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environmental management in India. 
Some of institutions which are responsible for the implementation and regulation 
of above mentioned environmental laws are as follows: 
• Department of Environment in 1980 and the integrated Ministry of Environment 
and Forests in 1985; Department of Science and Technology; Department of 
Agriculture and Cooperation Department of Biotechnology; Department of 
Ocean Development Department of Space; Department of Non-Conventional 
Energy Sources; Energy Management Centre; Council of Scientific and 
Industrial Research etc. at the Centre and Departments of Environment at the 
State and Union Territory levels; 
• Central Pollution Control Board and State Pollution Control Boards; 
• Central Forestry Board; 
• Indian Council of Forestry Research and Education with specialized institutions 
for research in arid zones, forestry, moist and deciduous forests, wood 
technology, genetics and tree breeding; 
• Forest Survey of India (FSI) and the Wildlife Institute of India (WII) in addition 
to the existing organizations like the Botanical Survey of India (BSI) and 
Zoological Survey of India (ZSI); 
• National Land use and Wasteland Development Council; 
• National Wastelands Development Board; 
• Indian Board of Wildlife; 
• National Museum of Natural History, Centre for Environment Education, 
Institute for Himalayan Envu-onment and Development and Centres of 
Excellence in specialized subject areas. 
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3.2 ENVIRONMENTAL LAWS AND INSTITUTIONS FOR THEIR 
ENACTMENT AND IMPLEMENTATION 
3.2.1 Water Act of 1974 and Air Act of 1981 
The enactment of Water Act which was enacted by the Indian Parliament on 
March 23, 1974 provides the building blocks for the prevention and control of water 
pollution and maintaining or restoring of wholesomeness of water. This was done for 
the establishment, with a view to carrying out the purposes aforesaid of Boards for the 
prevention and control of water pollution, for conferring and assigning to such Boards 
powers and functions relating thereto and for matters connected therewith. It has 
resulted in the creation of Central and State Pollution Control Boards with the aim of 
prevention, abatement and control of water pollution. The Indian Parliament has no 
power to make laws for the states with respect to any of the matters aforesaid except 
as provided in articles 249 and 250 of the Constitution. As a result, in pursuance of 
clause (I) of article 252 of the Constitution, resolutions have been passed by all the 
Houses of the Legislatures of the States to the effect that the matters aforesaid should 
be regulated in those states by Parliament by law. Thus, this Act has resulted in the 
creation of Central and State Pollution Control Boards with the powers conferred on 
them to deal with all matters arising out of water pollution. The Air Act which was 
enacted by the Indian Parliament on 29th March, 1981 has puffed-up the mandate of 
the Central and State Pollution Boards to deal with the air pollution also. 
The Central Pollution Control Board (CPCB) which forms part of the Ministry 
of Environment and Forests (MOEF) is a body consisting of experts in water and air 
pollution abatement drawn by the Central Government to protect the interest of key 
sectors like industry, agriculture, fishery, trade etc. It has representations fiom the 
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States (normally drawn from the members of State Pollution Control Boards) and 
Government owned companies and corporations. Generally, the members who 
represent industry, trade and agriculture are non-officials and providing for private 
sector participation in decisions associated to the design and implementation of 
policies regarding the prevention and control of water and air pollution. 
The Central Pollution Control Board (CPCB) has to perform the following 
functions. 
1. Advises the Central Government on any matter regarding the prevention and 
control of water and air pollution; 
2. Co-ordinates the activities of State Boards and thwart disputes among them; 
3. Provides technical assistance and guidance to State Boards, carry out and 
sponsor investigations and research relating to problems Of controlling and 
abating water and air pollution; 
4. Plans and organizes the training of persons engaged in programmes for 
prevention and abatement of water and air pollution; 
5. Organizes a comprehensive programme through mass media regarding the 
prevention and control of water and air pollution; 
6. Collects, compiles and publishes the technical and statistical data relating to 
water and air pollution and the measures devised for their effective prevention 
and control. It also prepares manuals and codes regarding the treatment and 
disposal of effluents and disseminate information connected therewith; 
7. Lays down, modifies or cancels the standards for water and air quality in 
consultation with State Governments; 
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8. Plans and causes to execute a nation-wide programme for the prevention and 
abatement of water and air pollution; and 
9. Perform such other functions as prescribed. 
The functions of the State Pollution Control Boards (SPCB) as follows: 
1. To plan a comprehensive programme for the prevention abatement of air and 
water pollution in the state; 
2. To advise the State Government on matters concerning the control and 
abatement of water and air pollution; 
3. To collect and disseminate information relating to water and air pollution 
prevention and abatement thereof; 
4. To encourage, conduct and participate in investigations and research relating to 
problems of water and air pollution abatement; 
5. To collaborate with the Central Board in organizing the training of persons 
engaged in the programmes for the abatement of air and water pollution; 
6. To inspect effluent works and plants for the treatment of effluents; 
7. To lay down, modify or annul standards for air and water pollution with regard 
to the standards of air or water quality laid down by the Central Board and the 
ambient air and water quality specific to the region or the water body; 
8. To evolve economical and reliable methods for treatment of effluents v^th 
regard to peculiar ambient air and water quality of different regions; 
9. To evolve methods for utilization of sewage and suitable trade effluents in the 
case of water pollution abatement; 
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10. To advise the State Government about the location of any industry causing air 
or water pollution; 
11. To perform other functions as may be prescribed from time to time or be 
entrusted to it by the Central Board or the State Government. 
According to the Water and Air Acts, the non-compliance of industries with 
the directions of the Boards is punishable by imprisonment of up to three months and 
a fine of up to Rs. 10,000. An additional daily fine of Rs. 5000 can be imposed for 
continued non-compliance. If the non-compliance continues beyond a period of one 
year after the date of conviction it can be punishable with imprisonment for two to 
seven years with a fine. The Board, if necessary, can also close down certain 
polluting factories. 
3.2.2 Water Cess Act of 1977 and the Environmental Protection Act of 1986 
The Water Cess Act which was enacted by the Parliament on 7th December, 
1977 and again amended in 1988 provides for imposition of a tax or Cess on water 
consumed by certain industries and by local authorities. The main objective of this tax 
is to increase the resources of the Central and State Pollution Control Boards for the 
prevention and control of water pollution. The rate of tax applicable to various water 
polluting activities varies from Rs. 0.015 to Rs. 0.08 per kilo litre of water consumed. 
If some or all the activities liable to the payment of water Cess install effluent 
treatment plants, such activities are entitled to a rebate of seventy per cent of the tax 
payable. The proceeds of the Cess will be first credited to the Consolidated Fund of 
India and the Central Government may pay the Central Board or State Boards after 
deducting the cost of collection. The Central Government has to take into account the 
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tax collected by the State Government in deciding the amount payable to the State 
Board. Willful evasion of tax by the concerned parties can make them liable to 
imprisonment up to six months or fine up to thousand rupees or both. 
The Environment Protection Act enacted by the Parliament on 26th May, 1986 
is intended to remedy the lacunae noticed in the earlier laws and to serve as a single 
environmental legislation. This Act provides for the protection and improvement of 
environmental resources like water, land and air as per the decisions taken at the 
Conference on the Human Environment held at Stockholm in June, 1972. This Act has 
given the powers to the Central Government to take all such measures as it deems 
necessary for the protection and improvement of the quality of environment and 
preventing, controlling and abating environmental pollution. 
In particular, the powers of the Central Government include (i) Coordination 
of actions taken by the State Governments; (ii) Planning and execution of nation-wide 
programmes for pollution abatement; (iii) laying down standards for the quality of 
environment in its various aspects; (iv) Laying down standards for emission of 
environmental pollutants from various sources; (v) Restriction of areas in which 
polluting activities shall not be carried out or shall be carried out with certain 
restrictions; (vi) Laying down procedures and safeguards for prevention of accidents 
that cause environmental pollution and for handling hazardous substances and 
examination of manufacturing processes and materials which are likely to cause 
environmental pollution; (vii) Carrying out and sponsoring investigations and research 
relating to problems of environmental pollution and establishment of environmental 
laboratories and institutes and (viii) Collection and dissemination of information and 
preparation of manuals and guides relating to environmental pollution abatement. 
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3.2.3 Forest Conservation Act 1980, Wildlife Protection Act 1972 and National 
Policy for Conservation of Forests and Wildlife 
The Forest Policy in India was started under the aegis of the Resolution No. 
13/52/ F, on 12th May, 1952, in the erstwhile Ministry of Food and Agriculture, 
Government of India. Despite this resolution, forests in the country have suffered 
serious depletion causing for the pressures arising from the increasing demand for fuel 
wood, fodder and timber, inadequacy of policing, diversion of forest lands to non-
forest uses, and the tendency of Government to look to the forest as a revenue earning 
resource. That is why it was felt for having a comprehensive law covering forest 
conservation. The enactment of Wild Life Protection Act and the Forest Conservation 
Act by parliament in the years 1972 and 1980 respectively provides a basis for the 
current National Forest and Wildlife Protection Policy in India. The basic objectives 
of this Policy are as follows (Government of India, 1992): 
• Maintenance of environmental stability through preservation and restoration of 
the ecological balance that has been adversely disturbed by serious depletion of 
the forests of the country; 
• Conserving the natural heritage of the country by preserving the remaining 
natural forests with the vast variety of flora and fauna, which represents the 
remarkable biological diversity and genetic resources of the country; 
• Checking soil erosion and denudation in the catchments areas of rivers, lakes, 
reservoirs in the interest of soil and water conservation, for mitigating floods 
and droughts and for the retardation of siltation of reservoirs; 
• Checking the extension of sand-dunes in the desert areas of Rajasthan and along 
the coastal tracts; 
• Increasing substantially the forest/tree cover in the country through massive 
afforestation and social forestry programmes, especially on all denuded, 
degraded and unproductive lands; 
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Meeting the requirements of the rural and tribal populations for fuel wood, 
fodder, minor forest produce and small timber; 
Increasing the productivity of forests to meet essential national needs; 
Encouraging efficient utilization afforest produce and maximizing substitution 
of wood; 
Creating a massive people's movement with the involvement of women, to 
achieve these objectives and to minimize pressure on existing forests; 
Stringent provisions for preventing use of forest land for any other purpose; 
Setting up of the National Wastelands Board to guide and oversee the 
wastelands development programme by adopting a missionary approach for 
enlisting people's participation, harnessing the inputs of science and technology 
and achieving interdisciplinary coordination in programme planning and 
implementation; 
Formulation of a National Wildlife Action Plan; 
An exercise for preparation of a National Forestry Action Programme; 
Establishment of National Parks and Sanctuaries covering about four per cent of 
the country's area; 
Eco-development plans for Sanctuaries and National Parks; 
Identification of bio-geographical zones in the covmtry for establishing a 
network of protected areas including seven Biosphere Reserves set up so far; 
Management Plans for identified wetlands, mangrove areas and coral reefs; and 
Formulation of a National River Action Plan. 
^ Actions for Conservation of Biodiversity include: 
• Intensification of surveys and inventorization of biological resoiu-ces in different 
parts of the country including the island ecosystems. The survey should include 
information on distribution pattern of particular species/ 
• population/communities and the status of ethno-biologically important groups; 
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• 
• 
• 
• 
Conservation of biodiversity through a network of protected areas including 
Biosphere Reserves, Marine Reserves, National Parks, Sanctuaries, Gene 
Conservation Centres, Wetlands, Coral Reefs and such other natural habitats of 
biodiversity. This should include taxonomic and ecological studies on the flora 
and fauna with adequate emphasis placed on the lower vertebrate, invertebrate 
and micro-flora which are important in contributing to the healthy maintenance 
of ecosystems; 
Full and correct rehabilitation of poor/tribal population displaced due to creation 
of national parks/ biosphere reserves/tiger reserves; 
Conservation of micro-fauna and micro-flora which help in reclamation of 
wastelands and revival of biological potential of the land; 
Protection and sustainable use of plant and animal genetic resources through 
appropriate laws and practices; 
Protection of domesticated species/varieties of plants and animals in order to 
conserve indigenous genetic diversity; 
Maintenance of corridors between national parks, sanctuaries, forests and other 
protected areas; 
Emulation and support for protecting traditional skills and knowledge for 
conservation; 
Development of methodologies to multiply, breed and conserve the threatened 
and endangered species through modem techniques of tissue culture and 
biotechnology; 
Discouragement of monoculture and plantation of dominating and exotic 
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species, in areas unsuited for them and without sufficient, experimentation; and 
• Restriction on the introduction of exotic species of animals without adequate 
investigations. 
3.2.4 National Environmental Tribunal Act, 1995 and National Environment 
Appellate Authority, 1997 
The National Environmental Tribunal Act has been implemented since 17 
June, 1995. It emphasizes for (i) strict liability for damages caused by any accident 
while handling any hazardous substances and (ii) setting up a National Environmental 
Tribunal for efficient and prompt disposal of cases caused by such accidents in order 
to give relief and compensation for damages to persons, property and the 
environment. 
This legislation has been considered unprecedented in the world for providing 
relief, compensation and restitution to victims of accidents during handling of 
hazardous substances and also for environmental damage. Some of the worth 
mentioning features of this Act are as follows: 
1. There should be establishment of the tribunal with its benches in each State and 
Union Territory in a phased maimer. In the first phase, besides the principal 
bench at Delhi, benches are proposed to be set up at Mumbai, Calcutta and 
Madras. 
2. The Tribimal shall be guided by the principles of natural justice but shall not be 
bound by the procedure laid down in the Code of Civil Procedure. The Tribunal 
will be powered to regulate its own procedure; and also enjoy powers vested in a 
civil court while trying a suit in respect of summoning and enforcement of 
attendance of any person, taking evidence on oath and affidavits, powers 
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requiring the discovery and production of documents. 
3. The aggrieved persons or entities cind representative bodies in the field of 
environment can have access to tribunal by making an application. The Tribunal 
may, if satisfied after inquiry, admit the application for adjudication and if not 
satisfied, it may immediately reject the application after recording reasons. The 
Tribunal also has suo motto power to dispense justice to the victims of an 
accident. 
4. The claims for compensation for damage will be entertained by the tribunal if 
they are presented within five years from the occurrence of the damage. No 
other civil court is entitled to entertain any claim or action entertained, tried or 
dealt with by the Tribimal. Appeals firom the Tribunal will lie with the Supreme 
Court. 
5. Tribunal's directions or orders will be binding on party or parties. Non-
compliance will be punishable with an imprisonment up to three years or with 
fine which may extend upto Rs. 10 Lakhs or both. The orders will, however, be 
passed after the accused is given an opportunity to show cause. The Government 
of India has issued the National Environment Appellate Authority Ordinance on 
30th January, 1997. The Ordinance provides for the establishment of a National 
Environmental Appellate Authority to hear appeals with respect to restriction of 
areas in which any industry, operations or processes or class of industries, 
operations or processes shall not be carried out or shall be carried out subject to 
certain safeguards under the Environment (Protection) Act, 1986 and for matters 
connected therewith or incidental thereto. This is to bring in transparency in the 
process, to bring in accountability and to ensure the smooth and prompt 
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implementation of developmental projects and schemes. Public hearings have 
become a part of environmental impact assessment. Also, the machinery is being 
set up for hearing appeals against environmental pollution impact assessment. 
3.2.5 National Environment Policy, 2004 
The National Enviroinnent Policy (NEP, 2004) is a response to our national 
commitment to a clean enviromnent, mandated in the Constitution in Articles 48 A 
and 51 A (g), strengthened by judicial interpretation of Article 21. It is recognized that 
maintaining a healthy environment is not the state's responsibility alone, but also that 
of every citizen. A spirit of partnership should thus be realized throughout the 
spectrum of environmental management in the country. While the state must 
galvanise its efforts, there should also be recognition by each individual - natural or 
institutional, of its responsibility towards maintaining and enhancing the quality of the 
environment. The NEP, 2004 is also intended to be a statement of India's 
commitment to making a positive contribution to international efforts. 
The NEP, 2004 has been motivated by the above considerations and is 
intended to mainstream environmental concerns in all development activities. It 
briefly describes the key environmental challenges currently and prospectively facing 
the coimtry, the objectives of environment policy, normative principles underlying 
policy action, strategic themes for intervention, broad indications of the legislative 
and institutional development needed to accomplish the strategic themes, and 
mechanisms for implementation and review. It has been prepared through a process of 
extensive consultation with experts, as well as diverse stakeholders, and this process 
is also docimiented. 
The NEP, 2004 is intended to be a guide to action: in regulatory reform, 
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programmes and projects for environmental conservation; and review and enactment 
of legislation, by agencies of the Central, State, and Local Governments. It also seeks 
to stimulate partnerships of different stakeholders, i.e. public agencies, local 
communities, the investment community, and international development partners, in 
harnessing their respective resources and strengths for environmental management. 
On the whole, it is expected to do better than fiscal neutrality, and likely raise 
substantial resources from outside the fiscal regime to realize its objectives. 
^ The Objectives of NEP 2004 
The principal objectives of this policy are enumerated below. These objectives 
relatato current perceptions of key environmental challenges. 
They may, accordingly, evolve over time: 
• Intra-generational Equity: Livelihood Security for the Poor: To ensure 
equitable access to enviroimiental resources and quality for all sections of 
society, and in particular, to ensure that poor communities, which are most 
dependent on environmental resources for their livelihoods, are assured secure 
access to these resources. 
• Inter-generational Equity: To ensure judicious use of environmental resources 
to meet the needs and aspirations of present and future generations. 
• Integration of Environmental Concerns in Economic and Social 
Development: To integrate enviroiunental concerns into policies, plans, 
programmes, and projects for economic and social development. 
• Efficiency in Environmental Resource Use: To ensure efficient use of 
environmental resources in the sense of reduction in their use per unit of 
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economic output, to minimize adverse environmental impacts. 
• Environmental Governance: To apply the principles of good govemance 
(transparency, rationality, accountability, reduction in time and costs, and 
participation) to the management and regulation of use of enviroimiental 
resources. 
• Enhancement of Resources for Environmental Conservation: To ensure 
higher resource flows, comprising finance, technology, management skills, 
traditional knowledge, and social capital, for enviroimiental conservation 
through mutually beneficial multi-stakeholder partnerships between local 
communities, public agencies, and investors. 
3.2.6 National Environment Policy 2006 
The present national policies for enviroimiental management are contained in 
the National Forest Policy, 1988, the National Conservation Strategy and Policy 
Statement on Environment and Development, 1992; and the Policy Statement on 
Abatement of Pollution, 1992. Some sector policies such as the National Agriculture 
Policy, 2000; National Population Policy, 2000; and National Water Policy, 2002; 
have also contributed towards environmental management. 
All of these policies have recognized the need for sustainable development in 
their specific contexts and formulated necessary strategies to give effect to such 
recognition. The National Environment Policy seeks to extend the coverage, and fill 
in gaps that still exist, in light of present knowledge and accumulated experience. It 
does not displace, but builds on the earlier policies. 
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^ Objectives of the National Environment Policy, 2006 
The principal Objectives of this policy are enumerated below. These 
Objectives relate to current perceptions of key environmental challenges. 
> Conservation of Critical Environmental Resources: 
To protect and conserve critical ecological systems and resources, and 
invaluable natural and man-made heritage, which are essential for life- support, 
livelihoods, economic growth, and a broad conception of human well-being. 
> Intra-generational Equity: Livelihood Security for the Poor: 
To ensure equitable access to environmental resources and quality for all 
sections of society, and in particular, to ensure that poor communities, which are 
most dependent on environmental resources for their livelihoods, are assured secure 
access to these resources. 
> Inter-generational Equity: 
To ensure judicious use of environmental resources to meet the needs and 
aspirations of the present and future generations. 
> Integration of Environmental Concerns in Economic and Social 
Development: 
To integrate environmental concerns into policies, plans, programmes, and 
projects for economic and social development. 
> Efficiency in Environmental Resource Use: 
To ensure efficient use of environmental resources in the sense of reduction in 
their use per unit of economic output to minimize adverse environmental impacts. 
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> Environmental Governance: 
To apply the principles of good governance (transparency, rationality, 
accountability, reduction in time and costs, participation, and regulatory 
independence) to the management and regulation of use of environmental resources. 
> Enhancement of Resources for Environmental Conservation: 
To ensure higher resource flows, comprising finance, technology, 
management skills, traditional knowledge, and social capital, for environmental 
conservation through mutually beneficial multi stakeholder partnerships between local 
communities, public agencies, the academic and research community, investors, and 
multilateral and bilateral development partners. 
3.3. ALTERNATIVE INSTRUMENTS AND INSTITUTIONS FOR 
POLLUTION ABATEMENT 
Non-market policy instruments include command-and-controls (CAC). Market 
based instruments consist of pollution taxes (Pigou, 1932) and marketable pollution 
permits (Dales, 1968). These are often referred to as economic instruments. The 
choice between these instruments depends both on their efficacy in achieving the 
target level of emissions as well as on the relative size of welfare losses they produce 
(Baumol and Gates, 1988). Government can use non-market policy instruments, 
market based or economic instruments or a combination of two. 
3.3.1 Command and Controls (CAC) 
The CAC instruments are in the form of fines, penalties and threats of legal 
action for closure of the factories and imprisonment of the owners. They can be used 
either for facilitating the use of specific technologies for the environment management 
or for the realization of specific environmental standards. It can be shown that the cost 
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of imposing and implementing compliance are generally higher when CAC 
instruments are used than with economic instruments. Furthermore, under CAC 
instruments, there can be no incentives for firms to innovate or invest in more efficient 
pollution control technologies or in cleaner process technologies. 
3.3.2 Economic Instruments 
Economic instruments can be divided in to three categories: price based 
instruments, quantity based instruments and hybrid instruments. These instruments are 
often called as market based instruments. Together with supply-demand forces of the 
market they achieve efficiency even with the presence of environmental externalities 
like air and water pollution. 
3.3.2.1 Price Based Instruments 
The price based instruments are first suggested by Pigou in 1931in the form of 
taxes and subsidies to deal with detrimental and beneficial environmental externalities 
in production and consumption. Instances are pollution taxes on a polluting 
commodity either through its production (paper, leather, electricity etc.) or 
consumption (cigarette, packed food etc.) or on a polluting input (fuel inputs, 
chemicals etc.). It could be a tax on either polluting output or pollution load. Also, 
they can be subsidies on the commodities the production of which generate 
environmental benefits (e.g., neighbor's rose garden giving one the fi-ee benefit of 
beauty). The pollution tax or Pigouvian tax is a corrective instrument to realize the 
socially optimal level of economic activity generating pollution. 
Pollution tax could be interpreted as the price the polluter has to pay for using 
the waste disposal services from the environmental media. Since the market is missing 
for the waste disposal service, this price could not be determined in the market. The 
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supply and demand schedules for this service could not be observed in the market. 
However, given the property right to the environmental resource to the public or 
government, environmental regulation by the government or public could make the 
polluter liable to pay a price for the waste disposal service. The polluter pays the price 
in the form of cost he incurs for complying with the environmental regulation. 
Therefore, the marginal cost of pollution abatement or the cost the polluter is willing 
to incur for reducing every successive unit of pollution abatement (MCA) could be 
interpreted as the demand price of waste disposal service. The demand curve for the 
waste disposal service is the falling MCA or demand price with respect to the 
pollution load generated. Alternatively, it could be seen as the curve depicting the 
rising MCA with respect to the pollution load reduction. 
There is an opportunity cost or health and other damages suffered by the public 
by allowing the pollution. The supply price of waste disposal service is the price 
charged to the polluter by the government or public for every unit disposal of waste in 
to the environmental media. Therefore, the marginal damages (MD) or damages from 
every successive unit of pollution that the public is willing to bear could be interpreted 
as the supply price of waste disposal service. The supply curve of waste disposal 
service is the rising marginal damages (MD) or supply price with respect to the 
pollution loads. 
The damages from pollution are felt by a large number of people (more so with 
water pollution). Therefore, the damage from a unit of pollution at margin is the sum 
of marginal damages to all the affected people. Therefore, to design a Pigouvian tax, 
we require the information about abatement cost functions of polluting firms and 
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damage functions for all the affected people. The cost of collecting the information to 
estimate these functions can be prohibitively high. 
3.3.2.2 Quantity Based Instruments 
D.H Dales (1968) has suggested an alternative to the pollution tax, a system of 
tradable pollution rights for the management of environment. He has proposed that the 
property rights be defined to the use and abuse of environment such entitlement be 
offered for sale to the highest bidder. This system is like a tax to achieve the specified 
environment target at a minimum cost. For example in the case of air pollution, this 
approach first determines the optimal level pollution in a given geographical area. 
This level of pollution to be tolerated is then divided in to a number of permits among 
the various polluting units within the area (either by fi-ee distribution or by 
auctioning). Firms which are already comparatively more efficient in controlling their 
wastes or pollution (the ones that face lower unit cost for pollution control) may 
continue their original level of production and emissions. But they will have some 
extra pollution permits (or entitlements) to spare. They can sell such extra permits to 
firms which are less efficient in controlling their wastes (the ones that face higher unit 
costs for pollution abatement). Provided monitoring is possible and effective, the net 
result is that total pollution is kept within the prescribed levels. The more efficient 
firms will sell their surplus permits to less efficient firms which require more permits 
in order to continue with original production plans. In this process, a market for 
pollution permits is created in which trading in permits takes place up to the point at 
which the aggregate supply of permits is equal to the aggregate demand for permits 
and the equilibrium permit price is equal to the marginal cost of abatement to each 
firm. 
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3.3.2.3 Mixed Instruments: A Practical Approach 
In practice, we should have a mixture of both command and controls and 
economic instruments. Economic instruments alone may not be feasible because of 
high their imposition requires lot of information on firm level emission, technology 
etc., which are not easy to come by. Command and control measures alone are 
inefficient measures (they may result even in the use of costly pollution abatement 
technologies by the firms). Similarly, the estimation of damages to affected people in 
the case of pollution tax, and knowing a priori the optimal level of pollution in the 
case of tradable permits pose practical problems for the design of economic 
instruments. Fixation of pollution standards MINAS, a priori by Pollution Control 
Boards and using either pollution tax or marketable permits instrument to induce the 
polluter industry to meet those standards is a hybrid method using regulatory and 
economic instruments. However, in this case the criterion for fixation of 
environmental standards is a subject of debate about whether they have to be decided 
on scientific basis or on the basis of referendum or political process. Scientifically, 
they have to be based on the evidence concerning the effects of air pollution on health 
or of polluted water on fish and human life. They can be alternatively decided through 
a political process by having referendum on the choice among alternative sets of 
pollution standards. Still, there are issues such as should they be at state levels or 
national, should the standards be compromise between the industry and people and so 
on. 
3.4 ECONOMIC INSTRUMENTS IN INDIA 
The environmental legislations provide for the blueprint and use of economic 
or market-based instruments such as pollution taxes and marketable pollution permits 
in India. These instruments are considered as remedial measures in the fi-ee-market 
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processes in order to deal with the extemahty of environmental pollution. They are 
called market-based instruments because they facilitate the market to function 
efficiently even with the environmental externalities. One of the important features of 
economic instruments is that they facilitate the choice of least cost pollution 
abatement technologies. 
The cost of designing and implementing the Pigouvian tax is massive since it 
requires the estimates of marginal damage and abatement cost functions. As 
environmental pollution is an externality affecting the people in large number, the cost 
of estimating damage functions can be prohibitively high. Thus, for practical 
purposes, the tax-standard method is normally used in which the environmental 
standards are exogenously given so that a pollution tax can be designed and levied on 
the polluting firms in order to encourage them to spend on pollution abatement for 
achieving the set standards. Some countries of Western Europe are currently using 
the tax-standard method for controlling envirormiental pollution while the United 
States of America is using the marketable pollution permits method. 
The use market-based instruments have not still been started in India and 
various legislations existing are of the command and control type of regulatory 
measures. Though command and control measures do not provide the necessary 
incentives to the polluters for the choice of least cost methods of pollution control, so 
far the Government of India has resorted only to such measures for controlling 
industrial pollution. In contrast, fiscal instruments like pollution taxes or marketable 
pollution permits though also coercive, provide incentives to the factories for adopting 
the least cost pollution abatement technologies. Satirically, no serious efforts have 
been made in India so far for using such instruments for controlling industrial 
61 
pollution. The currently levied tax on the consumption of water by industrial activities 
cannot be treated as a pollution tax, because its main goal is to raise revenue for the 
Pollution Control Boards. The tax collected is very nominal ranges between Rs. 0.015 
to 0.07 per kilo litre which usually does not have much effect on industrial demand for 
water. Some of the research studies on water pollution abatement in India have found 
that the pollution tax on industrial water use should be several times higher than the 
current rate of water Cess in order to achieve the set water quality standards. One 
study made in the year 1989 estimates the cost of treatment per a kl of residual water 
at 1987-89 prices at Rs. 3.60 for the paper and pulp industry, Rs. 2.61 for oil 
refineries, Rs. 2.21 for chemicals and Rs. 1.64 for sugar. Another study 13 carried out 
in 1994, estimates the marginal cost of abatement for the reduction of 100 mg of bio-
oxygen demand (BOD) in the residual water of the paper and pulp industry at Rs. 0.38 
at 1991-92 prices. Yet another study conducted in 1996 has found that the pollution 
tax per 100 mg reduction of chemical oxygen demand (COD) by the Indian 
manufacturing industry for realizing the standard of 250 mg per kl of residual water is 
Rs. 0.32 at 1995-6 prices. 
One more incongruity of the choice of instruments for industrial pollution 
control in India is the widespread use of subsidies for the polluting parties. In fact in 
order to make a necessary correction for market failure, the pollution taxes should be 
imposed on a polluting activity. In contrast, pollution subsidies provide vicious 
incentives to industries for increasing their scale of production and hence 
environmental pollution. There is an important case in which subsidies or financial 
incentives for industrial units are justified for the control of industrial pollution in 
India. During the early phase sixties, several State Governments in India came out 
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with legislation in aid of industrial estates with the objective of promoting small-scale 
industries and achieving balanced regional development. More than 800 items were 
reserved for exclusive production by small-scale enterprises. Small scale enterprises 
are also entitled to financial assistance, tax benefits and subsidized electricity and 
water charges. Consequently, the industrial estates in various parts of the country are 
dominated by small and medium scale industries creating a number of environmental 
problems. These problems includes: insufficient understanding of the technology of 
waste generation and treatment, lack of required space for pollution control facilities, 
fruitless supervision and management of even simple installations for pollution 
control and lack of technical assistance. Thus, governmental assistance to small-scale 
enterprises may be justified for helping them to circumvent these problems. 
3.5 COLLECTIVE ACTION 
The Public Trust Doctrine is one of the foundations on which democratic 
societies were built and it rests on the principle that certain resources such as air, 
water, and forests are of such great importance to society as a whole that the 
government is entrusted with protecting these resources for the enjoyment of 
everyone. Effective public participation increases the credibility of government 
institutions responsible for executing the public trust by ensuring an open and 
inclusive decision-making process. When civil society and other stakeholders feel they 
have an understanding and voice in the decision-making process, public confidence in 
the fairness of the decision increases. Conversely, lack of meaningful public 
participation creates perceptions of undue influence or corruption that project 
proponents or industry may have over the regulatory system and regulators. 
Effectively involving the public in the decision-making process helps to promote the 
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accountability of government agencies and ensure that they are acting in the public 
interest. Participatory democracy also requires the involvement of all levels of 
government and society, including formal and informal institutions. There are a 
growing number of examples from developing countries reflecting the recognition of 
the value of strengthening the instruments and institutions for multi-stakeholder 
consultation and public participation in environmental management. 
Throughout the world, Collective action has been emerged as an alternative 
institution to economic instruments such as pollution taxes in order to deal with 
enviroimiental problems. Coase (1960) has explained that there is no need for 
pollution taxes or Pigouvian taxes to deal with market failures associated with 
externalities like enviroimiental pollution. Given the initial property rights to either 
the externality generator or the receiver, the costless bargaining between them in a 
free market will result in the optimal control of the externality, the final outcome 
being independent of the initial allocation of property rights. Some countries are 
using Coasean tradition in order to deal with externalities. 
For instance, environmental management in Japan has been done through 
collective action involving local commimities, govenmient and industries. The 
bureaucracy or government plays only catalytic or advisory role in promoting 
collective action between industry and local communities. In India also, the Coasean 
prescription has been put to practice to deal with some specific cases of 
environmental management especially in cases of water pollution abatement in 
industrial estates containing small-scale enterprises, management of local village 
forests and commons in rural areas etc. 
The scale of economies present in pollution abatement, particularly in water 
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pollution abatement has compounded problems for industrial estates in India. In such 
a state of affairs, it is not cost-effective for small-scale enterprises to have their own 
individual effluent treatment plants. It is required for them to collaborate within the 
industry or estate to realize cost effective environmental protection. In India, 
Collective action involving the factories, affected parties and government for water 
pollution abatement is seen as an alternative institution in order to deal with the 
problem of water pollution abatement in industrial estates. Collective action in 
industrial water pollution abatement is intended to bring about the essential 
institutional changes that are attuned with the choice of cost saving technologies. If 
essential legislation is in place to define the property rights of factories and the 
affected parties, a common effluent treatment plant (CETP) can be established which 
results in costs saving to factories and the diminution in damages to the affected 
parties. To encourage collective action in industrial water pollution abatement some 
incentives for polluters, affected parties and the Government are as follows: 
^ Incentives for the polluters: 
• It is easy for a club to secure financial support from the Government and NGOs. 
• CETP is less expensive in terms of capital and operation cost. 
• Water can be treated economically with the help of CETP to produce process 
grade water which can be reused and recycled in the industry. It is a vital 
inducement to form a club in water scant regions. 
• The size of an industrial estate depends upon water availability and the facility 
to dispose waste water on a sustainable basis. A CETP may help achieve both 
these objectives. 
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(j> Incentives to Affected Parties: 
• Enhanced and better quality of drinking water 
• Diminution in damages from water borne diseases 
• Recreational facilities from the conserved water body 
• Diminution in the cost of legal action against polluters 
• Improved access to legal institutions 
^ Incentives to the Government: 
• Reduction in the burden of various governmental agencies running for 
abatement and control of water pollution. 
• Decency for a catalytic role rather than the disrespect for a coercive role. 
The interdependency in collective action in industrial water pollution 
abatement and the benefit of all the pertinent parties shows that collective action 
concerning polluters, affected parties and the Government is practical. It also take into 
consideration the role of different parties, particularly the role of the Government. 
Recent studies in India about the implementation of CETP technologies by 
some industrial estates in Andhra Pradesh, Haryana and Tamil Nadu clearly provide 
proof for the role of collective action involving people affected by pollution, the 
factories, NGOs and the Government. There are three processes involved in the 
collective action for control of water pollution on an industrial estate. These are (a) 
collective action of affected parties; (b) collective action of factories and (c) 
bargaining between a coalition of affected people and a coalition of factories. The 
collective action of affected people is possible, if the damages from pollution are 
substantive enough, to justify the transaction costs of coalition and bargaining. Given 
the threat of collective action from the affected people, factories on an industrial 
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estate have to take recourse to pollution abatement methods. The available pollution 
abatement technologies may provide the small factories a broad spectrum of 
technological choices out of which the common effluent treatment plant may be the 
least cost technology. Therefore, collective action by factories can be technology 
driven. Finally, bargaining between a coalition of affected people and a coalition of 
factories produces the end result of collective action, which is a realization of the 
prescribed environmental standards. 
^ Peoples' Participation in Environmental and Forest Management: 
The National Forest Policy, 1988 encompasses people's participation in the 
development and protection of forests to accomplish the objectives of providing fiiel 
wood, fodder and small timber to local communities as well as to develop the forests 
for improving the environment. The MOEF issued guidelines in 1990 in order to 
implement this policy prescription to involve village communities in the development 
and protection of degraded forests on usufruct basis. The concept of Joint Forest 
Management (JFM) was accordingly initiated and extended to all states and Union 
Territories for operationalizing the same by developing appropriate mechanisms. So 
far seventeen states have issued their resolutions for JFM. As per reports received 
from nine states, 4.05 million hectares of degraded forests in the country are being 
managed and protected through approximate 40,300 village Forest Protection 
Committees. 
The institution of JFM involves the participation of village communities, 
NGOs, and state forest departments in the management of forest lands in the manner 
described below: 
• The programme should be implemented imder an arrangement between the 
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• 
voluntary agency/NGO, the village community (beneficiaries) and the State 
forest department 
No ownership or lease rights over the forest land should be given to the 
beneficiaries or to the voluntary agency. Nor should forest land be assigned in 
contravention of provisions contained in the Forest (Conservation) Act, 1980. 
The beneficiaries should be entitled to a share in usufruct to the extent and 
subject to the conditions prescribed by the State Government in this context. 
The voluntary agency should not be entitled to usufructuary benefits. 
Access to forest land and usufructuary benefits should be only to the 
beneficiaries who get organized into a village institution, especially for forest 
regeneration and protection. This could be the Panchayat or a cooperative of 
the villagers, with no restriction on membership. 
The beneficiaries should be given usufruct rights in produce like grasses, lops 
and tops of branches, and minor forest produce. If they successfully protect the 
forests, they may be given a portion of the proceeds from the sale of trees when 
they mature. The Government of West Bengal has issued orders to give 25 per 
cent of the sale proceeds to the village Forest Protection Committees. 
The selected site should be worked in accordance with a working scheme, duly 
approved by the State Government. The working scheme should be prepared in 
consultation with the beneficiaries. 
For raising nurseries, preparing land for planting and protecting the trees after 
planting, the beneficiaries should be paid by the Forest Department from the 
funds under the social forestry programme. 
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• It should be ensured that there is no grazing at all in the forest land protected by 
the village community. Permission to cut and carry grass free of cost should be 
given so that stall feeding is promoted. 
• Along with trees for fuel, fodder and timber, the village community may be 
permitted to plant such fruit trees as would fit in with the overall scheme of 
afforestation. 
• The benefit of people's participation should go to the village communities and 
not to commercial or other interests which may try to derive benefit in their 
names. 
^ National Parks and Sanctuaries: An Example of the Implementation of 
Provisions of Wildlife Protection Act, 1972 
• To be a comprehensive and uniform legislation for protection of wildlife 
throughout the country. 
• To prevent and regulate hunting of and trading in wildlife or any product thereof 
• To lay dovm the procedure for the establishment maintenance and administration 
of areas as sanctuaries and national parks. 
By the 42nd Constitution Amendment, 1976, forests were removed from the 
State list and included in the concurrent list (list of rights and duties common to State 
and Central Government). This Constitutional Amendment also provides for 
protection and improvement of the environment and safeguarding forest and wildlife 
in the Directive Principles of Stale Policy and declares that it is the fundamental duty 
of every citizen to protect and improve the natural environment including forests and 
wildlife. 
The State Governments may declare any area to be a sanctuary or national 
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park, if they consider the area to be of adequate ecological 1 significance for the 
purpose of protecting, propagating or developing wildlife and its environment. The 
difference between a sanctuary and a national park is that in a national park there is a 
virtual cessation of human activities. As of now, there are about 80 national parks 
and 441 sanctuaries in India covering 4.5 per cent of the total land mass. 
The experiences of management of many wildlife parks and sanctuaries in 
India show that there is a conflict between the parks and people. In developing 
countries the tradeoff between economic efficiency and equity can not be ignored in 
the management of wildlife. A recent study of a national park known as Keoladeo 
National Park in Rajasthan State of India by Murty and Menkhaus (1994) sharply 
brings out this point. This small 2,873 hectare park contains over 400 different avian 
species, as well as several mammalian and reptilian species. Different ecosystems 
including wetland, woodland and grassland areas are found in this limited space. 
As is the case with many national parks in developing countries, there is an 
asymmetry in the distribution of costs and benefits fi-om wildlife protection in the case 
of Keoladeo National Park. While the benefits may mainly accrue to non-local 
national and international communities, the costs are mainly borne by the local 
communities. The estimate made by Murty and Menkhaus (1994) show that there are 
significant user and option value benefits for the national and international tourists 
visiting this park. Also, they have found that there are significant income losses to the 
local rural households. The Union Government and the Rajasthan State Government 
incur annual investment and operational expenditures on the park. This problem of 
equity can be solved by using instruments like entry fees and wildlife protection or 
envirormiental tax for capturing benefits to the users and redistributing them to the 
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local communities. 
3.6 ROLE OF THE STATE IN ENVIRONMENTAL PROTECTION 
The state has a major role to play in environmental protection through 
containing or mitigating environmental pollution caused by different economic agents 
such as industries, construction, mining etc. But there is considerable disagreement 
among the experts on the role of the state and policy prescriptions for environmental 
protection. This is mainly because valuation of environmental resources, particularly, 
their non-use values, is subject to a wdde margin of error (Sankar, 2001). 
However, there is some agreement that there are three broad categories of 
instruments available to the state for environmental protection (Kuik, et al, 
1997).Instruments aimed at voluntary adaptations of individual and group behavior in 
a more environment friendly direction. This category, referred as "communicative 
Instruments", includes, among others: 
a) Provision of knowledge and information in all possible forms on the 
environmental effects of the present behaviour and on 'Cleaner' alternatives. 
b) Moral suasion, i.e., campaigns to persuade people and institutions to change 
their behaviour. 
c) Institutionalization of environmental management within firms and other 
organizations. 
d) Voluntary commitments by trade and industry or agreements between them and 
the government for better environmental management. 
e) Instruments, which affect the market conditions under which people and firms 
make their decisions. This category is commonly referred to as 'Economic 
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Instruments'. This would comprise among others, the following: 
I. Charges and taxes, which make polluting behaviour more expensive. 
II. Subsidies and other types of financial support, which make environment 
friendly behaviour relatively economical. 
III. Deposit refund systems, in which a deposit for a potential polluting 
product is being paid by the purchaser, which can claim a refund after 
returning the product or showing that the pollution did not take place. 
IV. Liability legislation, requiring the polluter to compensate the 
environmental damage caused, and thus providing a financial incentive for 
pollution prevention. 
Instruments, which influence the range of alternatives by means of 
prohibitions, restrictions, or obligations ('direct regulation'). These are called 
Command and Control (CAC) instruments. This can be done by introducing product, 
process or emission standards, by prescribing how certain activities have to be 
performed, demanding certain professional skills, specifying the precautionary 
measures to be taken, etc. Outright bans on certain activities, products or substances 
also belong to this category. 
Thus, there are a large variety of instruments available to the policy makers of 
the state for the protection of the environment. However in practice, the scope of 
choosing between alternative instruments is limited by various factors. While the 
'communicative instruments' may be the most feasible to pursue and may be the most 
acceptable, it may not be effective. This could be due to lack of strong will among the 
polluters as implementation of pollution abatement measures involves costs. 
72 
Even the 'economic instruments', though may be more attractive, particularly, 
subsidies should fit in with the legal and institutional framework and it should be 
technically and administratively feasible. The information needed to apply the 
instrument has to be available. 
Further, there should be enough support or at least, not too much opposition 
against the instrument in society, to prevent sabotage and to keep enforcement costs 
reasonably low. This is particularly true with reference to Command and Control 
(CAC) instruments. Therefore, the actual mix of policy instruments chosen for 
enviroimiental protection may vary fi-om country to country depending on its goals, 
stage of development, institutional capabilities and political preferences (Sankar, 
2001) 
The environmental policy regime in India is not totally bereft of economic 
incentives to control pollution, though these are not prominent. The Government of 
India offers several incentives to ensure that industries are motivated to comply wdth 
various enviroimiental standards prescribed imder different Acts and Rules to control 
and prevent pollution. Some major fiscal incentives are (Kamataka State Pollution 
Control Board, 2000). 
• Exemption from Income Tax for contribution of corporate sector and private 
individuals made to programmes on conservation of nature and natural 
resources. 
• Depreciation allowance at 30% is allowed on devices and systems installed by 
Industrial units for minimizing pollution or for conservation of resources. 
• Investment Allowance at the rate of 35% of the actual costs of new machinery or 
plant is granted if it assists pollution control and environment protection. 
• Capital Gains Tax exemption to encourage industries to shift from congested 
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urban areas. 
The onset of economic reforms in July 1991 and the subsequent deregulation 
for Foreign Direct Investment (FDI) led to the apprehension that the Government 
might relax its environmental laws to attract more FDI and it would encourage 
relocation of envirormientally polluting industries from the developed world into 
India. But pollution control laws have not been relaxed in the process of economic 
reforms, for large and medium-scale industries though they have been relaxed in the 
case of small-scale industries as it has been assumed that they do not undertake 
hazardous processes (Kuik, et.al, 1997). 
But small industries tend to cause more pollution due to inefficient production 
methods, inferior equipment, poor housekeeping and inability to adapt proper 
treatment technologies (Planning Commission, 2001). In order to encourage cleaner 
production, the government of India extends incentives like custom duty waiver, soft 
loans, etc and provides other concessions for installation of pollution control 
equipment in industrial units (Planning Commission, 2001). An important decision 
taken by the SPCBs in the 90s is to promote common effluent treatment plants for 
SSIs, where they are located in clusters and recover part of the cost from them. But 
where SSIs are not located together, such facilities have not been available and they 
are allowed to release the effluent into municipal drains or streams without treatment 
(Kuik et al., 1997). On the whole, the progress made with respect to common effluent 
treatment plants in SSI clusters may be, at the most, minimum. 
Today, SSIs have to obtain consent from the Central Pollution Control Board 
(CPCB) only in the case of 17 industries, which have been categorized as highly 
polluting is listed below. 
^ Fertilizers (Nitrogen/Phosphate) 
74 
^ Sugar 
^ Cement 
^ Fermentation and distillery 
^ Aluminum 
(j> Petrochemicals 
^ Thermal power 
^ Oil refining 
(^ Sulphuric acid 
^ Tanneries 
^ Copper smelter 
^ Zinc smelter 
^ Iron and steel 
^ Pulp and paper 
^ Die and die intermediates 
^ Pesticides manufacture and formulation 
^ Basic drugs and pharmaceuticals 
In India, the development of the theory of environmental policies has gone 
through three phases. The first is related to the investigation of market failures and 
prisoners' di lemma type of problems, the second is about a purely government 
solution, and the third is that of institutional ahematives in which the market plays an 
important role. The empirical evidence for environmental degradation under fi-ee 
market management in the first phase may be ascribed to the somewhat 
underdeveloped market institutions to cope with environmental externalities. The 
failure can be attributed to the absence of property rights to environmental resources 
and supporting legal systems. 
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Chapter-4 
INDUSTRIAL POLLUTION AND ENVIRONMENT: CONCEPTS, 
DEFINITIONS AND TRENDS 
Industrialization is likely to affect environment in various manner. Polluting 
the atmosphere, especially in terms of air and water quality has been one of the most 
important negative externality of industrial development. There is a need to ensure 
that an economic activity does not damage the environment beyond a limit, i.e., they 
do not generate wastes (of any kind) to exceed the assimilative capacity of the 
environment. Particularly, wastes, for which there are no natural processes to 
transform them into harmless or less harmful substances, should be curtailed or 
minimized. This could be done through either spreading environmental awareness or 
environmental legislations or a combination of economic incentives and 
disincentives (Sankar, 2000). Therefore, this chapter explains concepts and 
definitions of various aspects and analyses the impact of recent industrial 
development on air and water pollution. 
4.1. ENVIRONMENT AND ENVIRONMENTAL POLLUTION 
4.1.1 Environment 
The Environment (Protection) Act, 1986 defines environment to include water, 
air and land and the interrelationship which exists among and between water, air and 
land, and human beings, other living creatures, plants, microorganisms and property. 
Environment comprises the biosphere, the thin skin on the earth's surface on which 
life exists, the atmosphere, the geosphere (that part of the earth lying below the 
biosphere) and all flora and fauna (Hanley, Shogren and White, 1997). The definition 
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of the environment thus includes life forms, energy and material resources, the 
stratosphere (high atmosphere) and troposphere (low atmosphere) (Hanley, Shogren 
and White, 1997). These constituent parts of the environment interact with each other, 
which may have undesirable effects on the environment and in turn, on the human 
beings themselves. To be specific, environmental pollution is defined as the deliberate 
or accidental contamination of the environment by waste generated by human 
activities. Although envirormiental pollution is defined differently in different contexts 
such as within various legislative acts, it can be defined generally as the presence of 
matter or energy, whose nature, location or quantity has undesired effects on the 
environment (Callan and Thomas, 2000). Pollution changes the physical, chemical 
and biological characteristics of air, land and water. Pollution harms human life, the 
life of other species, and also degrades living conditions and cultural assets, while 
wasting or deteriorating raw material resources (NRC, 1966). 
4.1.2 Environmental Pollution: Types of Pollutants 
Pollutants are of two kinds: (i) Natural pollutants, i.e., they arise from the 
nature, and (ii) Anthropogenic pollutants, which result from human activity. Natural 
pollutants rise fi-om non artificial processes in nature, such as gases associated with 
the decay of animals and plants, particles from volcanic eruptions, salt spray from the 
oceans, and pollen. Anthropogenic pollutants are human induced and include all 
residuals associated with consumption and production. Examples include gases and 
particles from combustion and chemical wastes from certain manufacturing processes. 
Of these two, anthropogenic pollutants are of primary concern particularly those for 
which nature has little or no assimilative capacity (Callan and Thomas, 2000). 
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4.1.3 Environmental Pollution: Sources and Scope 
Polluting sources are many and varied, ranging from automobiles to waste 
disposal sites. Because polluting sources are so diverse, they are generally grouped by: 
(i) their mobility or (ii) how readily they can be identified. 
(i) Sources grouped by mobility: These are categorized as stationary sources and 
mobile sources. The stationary source is a fixed site producer of pollution, 
such as a coal-based foundry or a sewage treatment facility. A mobile source 
refers to any non stationary-polluting source, such as an automobile or an 
airplane. This distinction is commonly used to characterize air pollution 
sources, since each requires a different form of control measure (Callan and 
Thomas, 2000). 
(ii) Sources grouped by identifiability: In some contexts identifiability of 
polluting source is an important factor in which case a distinction is made 
between point sources and non point sources. A point source refers to any 
single identifiable source fi"om which pollutants are released such as a factory 
smoke stack or a pipe. A non-point source is one that cannot be identified 
accurately and degrades the environment in a diffused, indirect way over a 
relatively broad area (Callan and Thomas, 2000). Although environmental 
pollution is a universal concern, some tj^es of pollution have detrimental 
effects that are limited to a smgle commimity whereas others pose a risk over a 
large geographical region. That is, the extent of damage caused by pollution 
can vary considerably from local to regional and even global level. 
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4.2 CLASSIFICATION OF INDUSTRIES BASED ON POLLUTION 
INTENSITY 
With a view to simplify the procedures and to categorize the industries on the 
basis of the pollution potential in a simple manner so that common person can 
understand the severity of pollution from a particular industry, it is necessary to 
categorize the industries in three broad categories viz. Red, Orange and Green in 
decreasing order of severity of pollution. It is obvious that there cannot be a uniform 
classification throughout the country as the ecological configuration and sensitivity 
widely vary from place to place. Similarly geo-meteorological parameters also 
experience wide variations. 
The State Pollution Control Boards, based upon the large data base in terms of 
effluents and emissions generated over the years of its existence, has classified 
industries in Red, Orange and Green categories. In this classification 'Red' 
represents highly polluting industries and 'Green' represents marginally polluting 
units. 'Orange' categories are moderately polluting industries. The proposed 
classification does not only simplify the common man's understanding regarding 
pollution but also helps in prioritization of plans and programmes of pollution control 
and surveillance according to pollution potential of a particular category of industry. 
The State Pollution Control Boards have adopted the following classification in each 
category of industries/ development projects: 
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4.2.1 List of Industries / Projects classifled under "Red Category" 
1. Nuclear Power Projects 
2. Heavy Water Plants, nuclear fuel complex, rare earths. 
3. River Valley projects including hydel power, major irrigation and their 
combination including flood control. 
4. Dockyards and Ports. 
5. Airports. 
6. Petroleum Refineries including crude and product pipelines. 
7. Chemical Fertilisers ( Phosphatic other than single super-phosphate). 
8. Pesticides. 
9. Olefmic petrochemical complexes. 
10. Petro-chemical intermediates such as DMT, Caprolactam, LAB etc. and 
production of basic plastics such as LDPE, HDPE, PP, PVC. 
1 ]. Bulk drugs and pharmaceuticals. 
12. Exploration for oil their production, transportation and storage. 
13. Synthetic Rubber. 
14. Asbestos and Asbestos products. 
15. Hydrocyanic acid and its derivatives. 
16. Integrated iron and steel plants. 
17. Alximinum smelter. 
18. Zinc smelter. 
19. Lead smelter. 
20. Chloral-alkali industry. 
21. Integrated paint complexes. 
22. Manufacture of resins in large and medium sectors. 
23. Manufacture of basic raw materials required in the manufacture of paints. 
24. Viscose Staple fibre and filament yam. 
25. Storage batteries integrated with manufacture of oxides of Lead. 
26. Manufacturing of lead antimony alloy. 
27. All tourism projects between 200m - 500 meters of High Tide Line or at 
locations with an elevation of more than 1000 meters with investment of more 
than Rs.5 cr. 
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28. Thermal Power Plants. 
29. Mining projects (major minerals) with leases more than 5 hectares. 
30. Highway Projects. 
31. Tarred roads in Himalayas and/or Forest areas. 
32. Distilleries. 
33. Raw skins and hides processing. 
34. Pulp, Paper (Based on agriculture residue and wood). 
35. Dyes. 
36. Cement. 
37. Foundries (individual). 
38. Electroplating. 
39. Metal finishing industries. 
40. Stone Crushers. 
41. Hospitals, Clinics and Diagnostic Laboratories. 
42. Sugar Mills. 
43. Organic Chemical Industries(Basic Manufacturing) 
44. Integrated Textile Processing Mills. 
45. Lime Kilns. 
46. Glass and fibre glass production and processing. 
47. Incineration plants. 
48. Chemical Fertilisers (Nitrogenous). 
49. Aromatic petrochemical complexes. 
50. Exploration for gas, its production, transportation and storage. 
51. Copper smelter. 
52. Ferro Alloys. 
53. Newsprint. 
54. Inorganic Chemical Industries (Basic Manufacturing). 
55. Harbours (except minor ports and harbours). 
56. Lubricating oils, greases or petroleum-based product. 
57. Slaughter houses and composite meat plants. 
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4.2.2 List of Industries / projects classifled under "Orange Category" 
1. Small Dying and Printing Units. 
2. Formulation of Drugs and Pharmaceuticals. 
3. Vegetable Oils. 
4. Brick Kiln. 
5. All hotels above 20 rooms with investment below Rs. 5 cr. 
6. Mining below 5 hectares. 
7. Fruit and Vegetable Processing in medium and large scale. 
8. Integrated Milk Plants. 
9. Breweries. 
10. Engineering Industries other than metal finishing. 
11. Soap and Detergent basic manufacturing. 
12. IMFL (Blending and Bottling only) 
13. Rubber and PVC Shoe Manufacturing. 
14. Mineralized Water and Soft Drinks Bottling Plants. 
15. Plastic Industry (PVC, HOPE, LDPE, Bags, Tubes and Pipes) 
16. Sizing and De-sizing of fabric. 
17. Separated Milk and Whey. 
18. Steeping and Processing of grain. 
19. Katha and other forest and agriculture produce based. 
20. Printed Circuit Board (excluding electro plating). 
21. Pulp and Paper (Based on Waste Paper). 
22. Rice Hullers/Shellers. 
23. Thrasher (Wheat thrashing). 
24. Tyre Re-treading. 
25. Automobile Servicing and Repair Station. 
26. Paint Formulation. 
27. Welding Units. 
28. Laundry Services and Dry Cleaning. 
29. Ayurvedic Medicines Formulation. 
30. Bone China Crockery. 
31. Manufacturing of Agricultural Implements. 
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32. Tea Manufacturing. 
33. Maize/Corn Starch. 
34. Reclamation of used Oil. 
35. Rice Bran Oil. 
36. Cleaning Powder (formulation only). 
37. Shampoos (Herbal) 
38. Bone Crushing Plant. 
39. Activated Carbon. 
40. ACSR Conductor Insulation. 
41. Dal Mills. 
42. Naphthalene balls Manufacturing. 
43. Melamine Wares. 
44. Bakelite Switches. 
45. Cotton Spinning & Weaving. 
46. Laboratory Ware. 
47. Steel Furniture, Fasteners etc. 
48. Fragrance, Flavors and Food additives, Industrial perftunes (Formulation only) 
49. Roller Flour Mills. 
50. Washing of Equipment and regular floor washing, using considerable cooling 
water. 
51. Tobacco Products including Cigarette and tobacco processing. 
52. Oxygen, acetylene and other industrial gases. 
53. Washing,of fabrics (job work). 
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4.2.3 List of Industries / projects classified under "Green Category" 
1 Ice Boxes. 42 Shoelace Manufacturing. 
2 Oil Expellers (without solvent 
extraction). 
43 Pickle manufacturing. 
3 Saw Mills. 44 Sports Goods. 
4 Making Crumbs Powder from Waste 
Rubber. 
45 Audio Video Magnetic tapes. 
5 Wires, Pipes Extruded shapes from 
metals (Excluding pickling, 
galvanizing). 
46 Capacitors and leads. 
6 Cold storage. 47 Fluorescent tubes and bulbs. 
7 Ice cream and ice cream cone mfg. 48 Miniature circuit breakers 
(Assembly). 
8 Turning/ Machining. 49 Microwave Oven (Assembly 
only) 
9 Manufacturing of steel and Aluminum 
utensils, trunks. 
50 Banana Waffers. 
10 Block making for printing. 51 Condensed Milk. 
11 Printing process (Textiles excluded). 52 Dairy Farm (Small Scale). 
12 Spun pipes. 53 Iodized salts. 
13 Hollow Block making. 54 Namkeens. 
14 Wire Rope making (Dry processes 
only). 
55 Pappad Plant. 
15 Air Cooler/Conditioners assembling. 56 Tomato Concentrate. 
16 Insulation tapes. 57 Leather Adhesive (formulation). 
17 Paper pins & U-cIips (without 
electroplating). 
58 Liquid Glucose. 
18 X-Ray plant & Ulfra Sound scanning. 59 Surgical cotton & Bandage. 
19 Photo Developers. 60 Engine Coolant. 
20 Card Board & Paper products (Pulp & 
Paper mfg. Excluded). 
61 Spark plugs for IC Engines. 
21 Herbal Oil extraction (without 
solvent). 
62 Disposable Plastic syringes. 
22 Seasonal Katha Bhatties 63 Plastic Water tanks. 
23 Potato Wafers. 64 Eucalyptus Oil (without solvent 
extraction) 
24 Small poultry farms. 65 Liquid shoe polish. 
25 Poultry feed and Animal feed. 66 Mushrooms (Growing). 
26 Bakeries. 61 Photo Emulsion coating. 
Contd. 
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27 Angora Rabbit Farms. 68 Pig farming. 
28 Tiles making (Cutting & polishing of 
marble/Granite). 
69 Printed ink. 
29 Wire drawing (without galvanizing & 
pickling). 
70 P.C.C. / R.C.C. Poles. 
30 Battery Charging. 71 Plastic Jerry Cans. 
31 Milk Chilling Centres. 72 Thermocol. 
32 Teflon Coated electric cable. 73 Toothpaste and Powder. 
33 Antiseptic lotions (Bottling Only) 74 Manufacture of mirror from 
sheet glass &, photo-framing. 
34 Carbon Papers. 75 Restaurants. 
35 Batten Wooden Boards Mfg. 76 Light engineering industry 
including fabrication. 
36 Confectionery. 77 Readymade garment industry. 
37 Residential Educational Institutes 
with Boarding capability upto 200 
Nos. 
78 Atta Chakki 
38 Plastic Injection Moulding. 79 Trimming, cutting, juicing & 
blanching of fruits and 
vegetables in small scale. 
39 Electrical heating appliances 
(assembly). 
80 Computer Assembling only. 
40 All hotels below 20 double rooms 
with investment less than Rs. 5 cr. 
81 Supari and masala grinding. 
41 Gold and Silver thread zari work. 82 Gold and Silver smithy. 
Source: CPCB 
4.3 INDUSTRIAL POLLUTION: TYPES AND NATURE 
Industries such as cement, glass, ceramic, iron and steel, paper and pulp, 
refineries, etc, exercise a wide range of environmental impacts. They emit large 
amounts of nitrogen, sulphur and carbon oxides into the air. Emissions of lead, arsenic 
and chromium, both from glass and iron and steel industries, are extremely toxic. 
Waste disposal from such industries causes extensive water and soil contamination 
too. Extraction of raw materials causes large-scale surface disturbance and erosion. 
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4.3.1 Industrial Toxic Pollutants 
Toxic pollutants released from industry include heavy metals, cyanides and 
pesticides, and can be emitted into air, water or in solid wastes. Little is known 
about the quantities or precise sources of chemical and toxic residuals, since almost 
no government or industries do any sampling of toxic pollutants anywhere in South 
Asia (with some exceptions in India). However, their impacts are found in polluted 
groundwater, surface water, and urban and peri-urban refuse dumps. 
4.3.2 Industrial Water Pollution 
Industrial production and natural resource use and conversion often result in 
the creation of large amounts of water-borne pollutants. The major categories of 
water-borne pollutants are oxygen demand substances, measured by biological oxygen 
demand (BODs ) and chemical oxygen demand (CODs); other standard industrial 
pollutants (such as total suspended solids), ammonia, phosphorous, sulphide, nitrate, 
sulphate, chloride, oil and grease; and polluting characteristics (such as pH.). 
Pressures due to inadequate collection and inefficient treatment of domestic 
wastewater, discharge of highly complex wastes from industries and the polluted 
runoff from agricultural fields, have resulted in considerable degradation in the quality 
of water sources. Indicators of this deterioration include depletion of oxygen, 
excessive presence of pathogens, settling of suspended material during lean flow 
conditions, and bad odour. 
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4.3.3 Industrial Air Pollution 
Air pollution could be defined as the presence in the atmosphere of one or 
more contaminants in such quantities and for such duration as is injurious, or tends to 
be injurious, to human health or welfare, animal or plant life, or property or would 
unreasonably interfere with the enjoyment of life or property (TERI, 1998). 
The World Health Organization (WHO) defines air pollution as "substances 
put into the air by the activity of mankind into concentrations sufficient to cause 
harmful effects to health, property, crop yield or to interfere with the enjoyment of 
property". Air pollution has been aggravated by, among others, industrialization, 
increasing traffic, and higher levels of energy consumption. The major pollutants are 
particulate matters, sulphur dioxide (SO2), nitrogen oxides (NO2), Carbon dioxide 
(CO2), and hydrocarbons (HC). Of all these air pollution indicators, the present study 
would examine changes with respect to Carbon dioxide (CO2) for which a time series 
data has been made available by WDR 1999. This is not to argue that other forms of 
pollution are unimportant. They are indeed, equally, if not more important than CO2. 
Currently, annual ambient air quality data are available for only three pollutants, 
namely SPM, SO2, and NO2 and that also for only two years, 1993 and 1994. An 
analysis carried out by TERI (1998) indicates that at majority of the locations in 
residential and industrial areas, the air quality standards are violated with respect to 
SPM. However, in general, SO2 and NO2 levels in India are within the prescribed 
limits. 
CO2 is one of the most widely distributed of all air pollutants-global emissions 
probably exceed the combined emissions of all other major air pollutants. The most 
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important effect of carbon monoxide emission is that it deprives tissues of oxygen and 
people with cardio-respiratory diseases turn out very sensitive to these changes. 
Although air pollution is considered to be more of a localized problem, the analysis of 
causal factors responsible for air pollution at the national level does yield some 
insights. The list of conventional air pollutants from industry includes SOx, NOx, Total 
Suspended Particulates (TSP), CO2 , CO and hydrocarbons (such as methane). Industrial 
air pollution is primarily derived from energy use. Industry consumes over 40 per cent of 
commercial energy in India. Energy efficiency, therefore, is of utmost importance and it 
needs least-cost investments that industrial firms can easily make to reduce air f)ollution. 
Energy efficient technologies are implicit in most investment in 'clean technologies' 
which reduce pollution through reduced inputs and lower pollution intensities. 
Table 1: Principal Sources and Environmental Effects of Selected 
Atmospheric Pollutants 
S.no. Pollutant Principal sources 
related to human 
activity 
Effects Remarks 
1 Carbon 
monoxide 
Incomplete fuel 
combustion (as in 
Motor vehicles) 
Deprives tissues of 
oxygen. People with 
cardio-respiratory 
diseases more sensitive 
CO is one of the most widely 
distributed 
of all air pollutants - global 
emissions 
Probably exceed the combined 
emissions 
Of all other major air 
pollutants. 
Contribution of natural 
sources is small. 
The largest source is petrol-
driven motor 
Vehicles. 
2 Sulphur 
dioxide 
Burning of 
Sulphur-
Containing fuels 
Like coal and oil 
Combined with smoke, 
increases risk and 
effects of respiratory 
diseases. Causes 
suffocation and 
irritation of throat and 
eyes Combines with 
atmospheric water 
vapour to produce acid 
N.A 
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rain. Leads to 
acidification 
Of lakes and soils. 
Corrodes buildings. 
3 Suspended 
Particulate 
matter 
Smoke from 
Domestic, 
Industrial, and 
Vehicular sources 
Possible toxic effects 
depend on specific 
composition. 
Aggravates effects of 
sulphur Dioxide. 
Reduces sunlight and 
visibility. Increases 
corrosion. 
Chemically, a most diverse 
group of 
Substances. Natural sources 
include dust 
Storms and volcanic eruptions. 
4 Oxides of 
nitrogen 
Fuel combustion 
In motor vehicles, 
Power stations, 
And furnaces 
Possible increase in 
acute respiratory 
Infections and 
bronchitis morbidity in 
children. Produce brown 
haze in city air. Causes 
corrosion. 
Combustion oxidizes both the 
nitrogen in 
The fuel and some of the 
nitrogen present 
In the air, producing several 
oxides of 
Nitrogen. However, only NO 
and NO2 are 
Known to have adverse 
environmental or 
Biological effects. 
5 Volatile 
Hydrocarbons 
Partial 
Combustion of 
Carbonaceous 
Fuels, industrial 
Processes, 
Disposal of solid 
Wastes. 
React with other 
pollutants to produce 
eye irritants (acrolein, 
aldehydes). Ethylene is 
Harmful to plants. 
Aerosol particles reduce 
Visibility. May produce 
unpleasant odours. 
N.A 
6 Oxidants and 
ozone 
Emissions from 
motor vehicles. 
Photochemical 
Reactions of 
Nitrogen oxides 
And reactive 
Hydrocarbons. 
Cause eyes irritation and 
impaired pulmonary 
function in diseased 
persons. Corrode 
materials and reduces 
visibility. Ozone is one 
of the most damaging 
Pollutants for plants. 
Mainly derivative: products of 
Atmospheric reactions 
between other 
Pollutants. Ozone is a natural 
and 
Essential constituent of the 
upper 
Atmosphere. 
7 Lead Main source is 
Emission from 
Motor vehicles. 
Other sources 
Include smelting 
And refining lead 
Producing 
Batteries, paints. 
Etc. 
Adversely affects blood 
and human nervous 
System. Causes 
anaemia, brain 
dysfunctions 
And kidney damage. 
Alkyl lead, used as an anti-
knock agent 
In petrol, is released into the 
atmosphere 
As fine particles when petrol 
is burnt. 
Sources: United National Environment Programme (1991), Centre for Science and Environment (1982) 
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4.3.4 Major Polluting Industries and Key Environmental Aspects 
The various kinds of industrial effluents disposed into different environment 
media have been summarized in the table 2. 
Table 2: Industry and Key Environmental Aspects 
S.No Industry Key Environmental Aspects 
1 Aluminum Disposal of red mud, bauxite tailings and other 
hazardous waste, dust emissions and high energy 
consumption. 
2 Caustic Water pollution due to disposal of brine mud, mercury 
and chlorine; chlorine emissions. 
3 Cement Fugitive dust emissions from material handling and air 
emissions from stack; energy consumption. 
4 copper Sulphur dioxide and dust emissions; Water pollution 
from electrolytic bath and other processes; disposal of 
slag from smelter 
5 Distillery Water pollution due to highly organic effluent from 
spent v^ash; soil contamination. 
6 Dyes and dyes 
intermediates 
Water pollution due to toxic azo-dyes, highly organic 
colored and phenolic substances. 
7 Fertilizer Water pollution due to heavy metal, ammonia and 
fluoride bearing effluent, ammonia emission, fluoride 
bearing dust and hazardous material. 
8 Iron and steel Water pollution from cyanide, fluoride and heavy 
metal bearing effluent, dust emission from sintering, 
pelletization, pig iron plants; slag and dust disposal. 
9 Leather Water pollution, particularly from hexavalent 
chromium and salt in discharge. 
10 Pesticide Air pollution due to particulate and volatile organic 
compounds; effluent containing pesticides residues. 
11 Petrochemicals Water pollution due to phenol and benzene containing 
effluent; fugitive emissions of toxic and carcinogenic 
and volatile organic compounds (VOC); hazardous 
material disposal. 
12 Pharmaceuticals Water pollution due to organic residues bearing 
effluent; VOC and particulate emissions; hazardous 
waste containing process sludge and spent catalyst. 
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13 Pulp and paper Water pollution from high organic and inorganic 
substance and chlorinated compounds in black liquor; 
highly malodorous emissions of reduced sulfiir 
compounds and VOC. 
14 Refinery Water pollution from effluent containing organic and 
inorganic material, oil and solvent; air emission of 
particulate matters, sulfixr dioxide, "benzene, toluene, 
and xylene", VOC. 
15 Sugar Water pollution due to high biological oxygen demand 
(BOD) and chemical oxygen demand (COD) effluent 
and spillage of molasses; air pollution due to 
combustions of biogases, coal, etc. 
16 Thermal power 
plants 
Air emission from combustion, coal handling, water 
pollution due to discharge of boiler blow down, 
overflow from ash pond; land contamination due fly 
ash disposal practices. 
17 Zinc Air pollution due to fugitive zinc dust, water pollution 
containing residues, disposal of solid and hazardous 
waste. 
Source: CPCB - List of "Red Category" Polluting Industries. 
4.4 INDUSTRIAL SOLID WASTE 
Industries can be broadly classified into those that produce non-hazardous 
waste and those that produce hazardous waste. Non-hazardous waste can be either 
biodegradable or non-biodegradable. The major industries in urban areas that generate 
substantial amounts of biodegradable solid waste are fruit processing, cotton mills, 
paper mills, Sugar mills, and textile factories. The major generators of non-
biodegradable industrial solid waste are thermal power plants producing coal ash, 
integrated iron and steel mills producing blast furnace slag and steel melting slag, such 
non-ferrous industries aluminum, zinc, and copper, which produce red mud and 
tailings, and fertilizer and allied industries which produce gypsum. 
91 
4.4.1 Types of Hazardous Waste 
Some of the wastes generated by industries are deemed to be hazardous wastes 
because they contain substances that are toxic to plants and animals or are flammable, 
corrosive, explosive or highly reactive, chemically. Table 3 lists the categories of 
hazardous waste as specified under the Hazardous Wastes (management and handling) 
Rules. 
Table 3: Type of Waste Material 
S.No. Category Nos Types of waste 
1 No.l Cyanide waste 
2 No. 2 Metal finishing, waste 
3 No. 3 Waste containing water soluble chemical compounds of lead, 
copper, zinc, chromium, nickel, selenium, barium, and antimony 
4 No. 4 Mercury, Arsenic, Thallium and Cadmium-bearing wastes 
5 No. 5 Non-halogenated hydrocarbons including solvents 
6 No. 6 Halogenated hydrocarbons including solvents 
7 No. 7 Waste from paints, pigments, glue, varnish and printing ink 
8 No. 8 Wastes from dyes and dye-intermediates containing inorganic 
chemical compounds 
9 No. 9 Wastes from dyes and dye-intermediates containing organic 
chemical compounds 
10 No. 10 Waste oil and oil emulsions 
11 No. 11 Waste oil and oil emulsions Tarry wastes from refining and tar 
residues from distillation or pyrolytic treatment 
12 No. 12 Sludge arising from treatment of wastewaters containing heavy 
metals, toxic organics, oils emulsion and spent chemicals and 
incineration ash 
13 No. 13 Phenols 
14 No. 14 Asbestos 
15 No. 15 Wastes from manufacturing of pesticides and herbicides and 
residues from pesticides and herbicides formulation units 
16 No. 16 Acids/ alkalies / slurry 
17 No. 17 Off-specification and discarded products 
18 No. 18 Discarded containers and container-liners of hazardous and toxic waste 
Source: CPCB 1998 
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The major industries that produce hazardous wastes include metals, chemicals, 
drugs and pharmaceuticals, leather, pulp and paper, electroplating, refining, pesticides, 
dyes, rubber goods and so on. Improper storage, handling, transportation, treatment 
and disposal of hazardous waste have an adverse impact on ecosystems including the 
human enviromnent. When discharged on land, heavy metals and certain organic 
compounds are phytotoxic and can adversely affect soil productivity for extended 
period of times at relatively low levels of concentration. 
4.5 CURRENT STATUS OF INDUSTRIAL POLLUTION IN INDIA 
Environment problems in India can be broadly classified into two categories 
firstly those arising out of negative externalities of very process of all-round 
development and secondly those arising out of mass poverty and underemployment. 
The first category has to do with the impact of efforts to achieve rapid economic 
growth and development and perpetual pressures of demand generated by those 
sections of society who are economically more advanced and impose great strains on 
the supply of natural resources poorly planned developmental projects are also often 
environmentally destructive. The second category has to do with the impact on the 
health and integrity of our natural resources (land, soil, water, forests, wildlife, etc.) as 
a result of poverty and the inadequate availability, for a large sections of our society, 
of means to fulfill basic needs(food, fiiel, shelter, employment, etc.). 
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4.5.1 Water Pollution: 
Table 4: Problems Related to Water Pollution in India 
Sector Problems 
Industry * Lack of national standards related to water consumption per unit 
of production 
* Use of industrial water in excess of design levels 
* Low level of water reuse 
* Lack of incentives and compulsion for pollution elimination 
under the current system of subsidized water supply 
* Idea that measures at the Source) are the responsibility of 
industry 
Residential * Low diffusion of sewerage 
* Continued use of damaged sewers due to lack of maintenance 
* Lack of additional investment to keep abreast of infrastructural 
expansion. 
* Over-burdening of installed sewerage accompanying unsystematic 
urban growth 
* Mutual integration of the flood system and wastewater system 
Source: JICA survey 
Table 5: Water Resources and Freshwater Ecosystem-Industrial Pollution: 
Organic Water Pollutant (BOD) Emission (Units: Kilogram per day) 
Year India China USA Japan GDPGRI 
1980 1,422,564 3,377,105 2,742,993 1,456,016 7.2 
1981 1,447,350 3,567,592 2,697,405 1,460,145 5 
1982 1,447,853 3,805,500 2,563,368 1,452,704 3.1 
1983 1,342,044 3,975,764 2,509,682 1,467,338 7.7 
1984 1,314,832 4,040,900 2,539,229 1,463,190 *.3 
1985 1,248,165 4,355,416 2,494,228 1,477,811 4.5 
1986 1,255,804 4,570,067 2,454,376 1,492,690 *.3 
1987 1,324,779 4,801,089 2,543,697 1,483,655 3.8 
1988 1,314,807 5,012,034 2,569,847 1,500,696 10,5 
1989 1,404,693 5,045,833 2,564,299 1,507,064 5.7 
1990 1,410,617 7,038,131 2,565,226 1,556,648 5.6 
1991 1,416,757 7,382,083 2,498,355 1,576,110 1.3 
1992 1,526,950 7,518,858 2,521,616 1,564,677 5.1 
1993 1,506,324 7,298,382 2,529,399 1,552,517 5.9 
1994 1,569,535 7,544,780 2,529,493 1,469,936 7.3 
1995 1,686,876 7,558,407 2,571,356 1,456,083 7.3 
1996 1,661,798 7,388,725 2,557,573 1,431,494 7.8 
1997 1,702,224 8,491,856 2,595,474 1,409,179 4.8 
1998 1,557,906 7,024,090 2,605,782 1,416,322 5.5 
1999 1,578,811 6,519,911 2,562,262 1,359,595 5.4 
2000 1,616,908 6,229,907 1,979,372 1,332,302 4.4 
Source: Development Data Group, the World Bank. 2006.2006 World Development Indicators Online. 
Washington, DC 
GDPGRI: Stands for Gross Domestic Product Growth Rates of India 
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Figure 1: Showing BOD Emissions and GDP Growth Rate Trends in India 
(1980-2000) 
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Table 5(a): Comparative Statistics of BOD Emission Trends of India and a few Selected 
Countries is summarised below. 
Descriptive Statistics 
N Minimum Maximum Mean Std. Deviation 
INDIA 22 1248165 1702224 1466967 136250.44 
CHINA 22 3377105 8491856 5847050 1609783.83 
USA 22 1897480 2742993 2504205 193887.68 
JAPAN 22 1279287 1576110 1462066 73243.6234 
Valid N 22 
Note: All values in the table are measured in kg/day (kilogram per day) 
It is clear from the table 5(a) that India's average BOD emission is 1466967 kg 
per day, while for China it is 5847050 kg per day, for USA 2504205 kg per day. It is 
also obvious that BOD emission variation in India is lower than USA and China. 
Table 6: Industrial Distribution of Water Pollution [BOD] (Per Cent Share) 
Year 
Industry ,^ 1980 1985 1990 1996 
Chemical 5.98 7.48 7.29 8.23 
Clay & Glass 0.18 0.25 0.22 0.21 
Food 53.85 47.52 50.92 51.14 
Metal 14.10 16.58 15.32 14.47 
Paper & Pulp 7.57 8.76 7.96 7.92 
Textiles 14.08 14.44 13.18 12.54 
Wood 0.38 0.40 0.32 0.29 
Others 3.85 4.57 4.79 5.20 
Source: WDR, 1999 
Figure 3: Industrial Distribution of Water Pollution [BOD] (Per Cent Share^ 
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From table 6, it can be observed that the share of industries in water pollution is 
changing over the period 1980 to 1996. Chemical industries appear to be an important 
candidate for water pollution monitoring. Although the share of Food is the maximum, 
there are signs of decline in this sector. Another important pollutant, Textiles is also 
showing a declining trend. Increase in the share of Chemicals could also be because 
the composition of industrial output has changed from metal and metal based to 
chemical and chemical based and also to micro-electronic based. Such a trend was 
reported even during the 1980s (Kelkar and Kumar (1990)). 
Table 7: Water Pollution from Small Scale Industries in India 
Industry Cluster regions Wastewaters generated 
(million litres per day) 
Engineering Hand Tools — Jallandhar and Nagaur 
Locks — Aligarh 
Scientific Instruments — Ambala, Ajmer 
Bicycle and Parts — Ludhiana 
Brass Parts — Jamnagar 
Diesel Engines and Parts — Kolhapur, Agra, Rajkot, 
Coimbatore, Ghaziabad 
2125 
Paper and Board mills 1087 
Textile Industries Woolen and Cotton Hosiery — Tiruppur, Ludhiana, 
Calcutta, Delhi 
450 
Organic Chemicals 60 
Tanneries Leather and leather products — Chennai, Ambur and 
Vaniambadi (Tamil Nadu), Calcutta (West Bengal) 
and Agra and Kanpur (Uttar Pradesh) 
50 
Pharmaceuticals 40 
Dye and Dye Intermediates 32 
Soaps and Detergents 10 
Paints and varnishes 10 
Petrochemicals 10 
Edible oil and vanaspati 7 
Source: Anon 2001, Pollution Control in Small-Scalc Industries: Status and Needs, Central Pollution Control 
Board, New Delhi, mimeo. 
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4.S.2 Air Pollution 
Air pollution has been aggravated by developments that typically occur as 
countries become industrialized: growing cities, increasing traffic, rapid economic 
development and industrialisation, and higher levels of energy consumption. The high 
influx of population to urban areas, increase in consumption patterns and unplaimed 
urban and industrial development has led to the problem of air pollution. Currently, in 
India, air pollution is widespread in urban areas where vehicles are the major 
contributors and in a few other areas with a high concentration of industries and 
thermal power plants. Vehicular emissions are of particular concern since these are 
ground level sources and thus have the maximum impact on the general population. 
Also, vehicles contribute significantly to the total air pollution load in many urban 
areas. 
Table 8: Air Pollution in India - Causes and Countermeasures 
Type of 
pollution 
Cause Countermeasure 
Vehicle 
pollution 
* Increased operation of 
private vehicles due to 
insufficient public 
transportation, and increase in 
congestion due to the poor 
condition of roads 
* Operation with law-quality 
fuel, operation of vehicles in 
poor condition, and operation 
with overloads 
* Payment of subsidies for 
replacement of 
gasoline vehicles with diesel 
vehicles 
* Increase in fuel quality, phased 
regulation of leaded gasoline, and 
switch to low-sulfiir fuel 
* Promotion of CNG as an alternative 
fuel 
* Prohibition of the operation of 
commercial vehicles that have been 
driven more than 10 years 
*Establishment of tough emission 
regulations 
*Requirement of catalytic converter 
installation on new vehicles 
""Expansion of the transportation 
system 
Industrial 
Pollution 
* Existence of impoverished 
cities and concentration of 
industry in cities based on 
land use plans 
*Low level of technical skills 
in small-scale industries 
*High level of prices for air 
*Use of fuels with few impurities in 
small-
scale industries 
* Exclusion/reduction of polluting 
industries from cities 
*Installation of control systems such 
as 
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pollution control systems and electrostatic precipitators and 
their operation and desulfurization units 
maintenance costs *Improvement of fly ash yard 
*Weak system for controlling management 
suspended particulates and in power plants 
looseness of regulations *Instatement of energy-saving 
on atmospheric emissions measures in 
industry 
* Promotion of new energy sources 
•Establishment of emission 
standards for 
specific industries using coal, gas, 
and 
naphtha (Steel, cement, power 
plants, etc. 
Source: JICA country-by-country survey of environmental information 
4.5.2.1 Carbon Dioxide Emission Inventory in India: 
All emission estimates are expressed in thousand metric tons of carbon. Per 
capita emission estimates are expressed in metric tons of carbon. Bunker refers to 
fuels used for international trade and is not included in national totals. 
The following figure 4 shows a clear cut picture of carbon dioxide emissions 
in India from various source points. The compound annual growth rate of C02 emission 
from gas fiiels stands at 13.16 per annum which is highest among all categories of 
sources. It may be due to massive increase in vehicles across country. The Cement 
industry stands second with compotmd annual growth rate of 8.14 per annum. It may 
be due to increased demand of cement and related product, for infrastructural 
development such road, railways, electrification, industrial estates, etc., which India 
witnessed in last three or more decades. All these are the parcel of rapid pace of 
industrialisation in India without any doubt. But, it requires a further probe into this 
nexus. 
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Table 9: Carbon Dioxide Emission in India 
Year 
Total 
Fossil 
Fuel CO2 
Emissions 
CO2 
Emissions 
from Gas 
Fuels 
CO2 
Emissions 
from 
Liquid 
Fuels 
CO2 
Emissions 
from 
Solid 
Fuels 
CO2 
Emissions 
from Gas 
Flaring 
CO2 
Emissions 
from 
Cement 
production 
Per 
Capita 
CO2 
Emission 
Rate 
CO2 
Emissions 
from 
Bunker 
Fuels 
1980 94797 679 22427 68966 318 2407 0.14 674 
1981 101846 787 24127 73241 867 2823 0.14 463 
1982 108347 1190 25463 77593 1041 3060 0.15 444 
1983 117540 1431 26710 84772 1178 3448 0.16 501 
1984 121575 1684 28605 85919 1419 3948 0.16 570 
1985 133267 1965 31383 93803 1625 4492 0.17 540 
1986 143081 2814 32935 101027 1355 4950 0.18 600 
1987 152042 3487 33747 107970 1809 5029 0.19 730 
1988 164147 4150 35275 117149 2039 5535 0.2 904 
1989 179072 5054 39419 125341 3003 6256 0.21 774 
1990 186057 5758 40903 130039 2694 6664 0.22 737 
1991 199349 6431 43555 140288 2138 6936 0.23 723 
1992 211773 7439 49399 147161 973 6800 0.24 735 
1993 220684 7368 49626 155362 1010 7318 0.25 684 
1994 234630 7915 53061 164796 1107 7752 0.26 547 
1995 249714 10658 57844 171883 898 8432 0.27 551 
1996 272431 10848 65486 184883 1014 10200 0.29 556 
1997 284150 12561 66114 193620 974 10880 0.3 560 
1998 291892 12990 71330 195109 904 11560 0.3 564 
1999 310814 11549 76588 209617 820 12240 0.31 1292 
2000 315045 11974 74273 215028 849 12920 0.31 1596 
2001 322115 11891 75106 219957 880 14280 0.31 2017 
2002 334524 12864 77406 227866 749 15640 0.32 1962 
2003 344688 13643 75240 238522 554 16728 0.32 2073 
2004 366301 13533 79509 255060 519 17680 0.34 2336 
Source; Gregg Marland , Tom B o d e n , Robert J. Andres 
Carbon Dioxide Information Analysis Center 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831-6335 
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Figure 5: Total Fossil Fuel CO2 Emissions 
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Figure 6: CO2 Emissions from Cement Production 
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Table 10: Total Absolute Emissions of CO2 (Million TonnesAfear) 
from the Power Sector by Region for 2000-01 to 2006-2007 
""--....^ Year 
Region ^ \ « ^ 
2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 
1 2 3 4 5 6 7 8 
North 97.87 102.74 106.81 110 112.21 120.1 129.55 
East 58.03 61.43 66.59 75.51 83.96 92.52 93.36 
South 89.02 92.18 105.24 108.12 105.6 101.76 109.25 
West 135.19 141.6 148.56 144.13 157.78 153.93 157.72 
North-East 2.21 2.16 2.29 2.46 2.47 2.53 2.65 
India 382.31 400.11 429.48 440.22 462.02 470.85 495.54 
Source: Compendium of Environment Statistics - India, 2007 
Figure 7: Total Absolute Emissions of CO2 (Million TonnesA'ear) 
from the Power Sector by Region for 2000-01 to 2006-2007 
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The power sector is a major consumer of coal, using about 78 per cent of the 
country's coal production. In 2006-07, India had encountered 495.54 milHon tonnes 
per year of total absolute emissions of CO2 from the power sector (table 10). 
However, the contribution of India to the cumulative global CO2 emissions is only 5 
per cent. Thus historically, and at 2 present, India's share in the carbon stock in the 
atmosphere is relatively very small when compared to its population. With high 
capital costs associated with replacing existing coal-fired plants and the long time 
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required to introduce advanced coal technologies, many of India's highly polluting 
coal-fired power plants are expected to remain in operation for the next couple of 
decades, thereby keeping India's carbon emissions on the rise. 
4.5.2.2 Ambient Air Quality Trends 
As against to the maximum permissible limits laid down by CPCB for annual 
average concentration of SPM in ambient air -70 |ag/m in sensitive areas, 140 |ig/m 
in residential areas and 360 \ig/m^ in industrial areas, it is clearly evident table 11 that 
the SPM levels are high in most of the metropolitan cities in India. 
Table 11: Range of Annual Averages of SPM in Major Indian Cities 
S.No. City Area land use 
Range of annual average of 
SPM (ng/m') 1990-98 Mean of annual 
averages (^g/m^) 
Minimum Maximum 
1 Delhi 
Residential 300 409 355 
Industrial 314 431 381 
2 Mumbai 
Residential 196 327 230 
Industrial 150 276 224 
3 Calcutta 
Residential 205 491 327 
Industrial 286 640 434 
4 Chennai 
Residential 72 118 99 
Industrial 53 147 123 
5 Bangalore 
Residential 60 239 158 
Industrial 99 153 125 
6 Ahmadabad 
Residential 198 316 261 
Industrial 201 306 243 
7 Hyderabad 
Residential 135 184 158 
Industrial 72 259 153 
Source: CPCB 2000a 
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Tablel l : SPM Trends (ng/m') from 1995 to 2003 in Major Indian Cities 
City ^ " ^ ^ ^ 
1995 1996 1997 1998 1999 2000 2001 2002 2003 
Ahmadabad 251 254 235 - 351 393 343 281 256 
Bangalore - 176 187 153 146 153 148 149 163 
Chandigarh 221 180 227 280 228 247 - 334 275 
Chennai 127 115 107 127 88 92 98 132 155 
Delhi 411 402 343 379 352 381 346 427 355 
Hyderabad 178 177 144 213 209 163 157 161 164 
Kanpur 463 426 370 417 401 375 401 419 414 
Kolkata 354 498 - 279 308 315 251 256 251 
Mumbai 210 213 298 187 221 252 231 225 224 
Note: - All values are average of all the monitoring stations in the city, for which the data is available 
Source: - CPCB (Central Pollution Control Board) National Air Quality Status (various Years) National Ambient 
Air Quality Monitoring Series: NAAQMS/26/2(X)4/05. pp214. New Delhi: CPCB 
Figure 8: SPM Trends (^tg/m^) from 1995 to 2003 in Major Indian Cities 
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Table 13: SO2 Trends (jig/i m') from 1995 to 2003 in Major Indian Cities 
City ^ " " ^ ^ 
1995 1996 1997 1998 1999 2000 2001 2002 2003 
Ahmadabad 32 25 15 - 12 8 10 12 16 
Bangalore - 21 28 20 38 21 20 13 12 
Chandigarh 11 7 7 5 7 - 0 8 2 
Chennai 22 8 16 13 12 12 17 20 15 
Delhi 23 17 16 15 18 15 13 11 10 
Hyderabad 17 17 16 12 14 12 10 7 6 
Kanpur 14 14 14 17 17 19 17 10 7 
Kolkata 36 21 - 34 45 17 18 11 17 
Mumbai 31 18 25 12 15 12 16 9 8 
Note: - All values are average of all the monitoring stations in the city, for which the data is available 
Source: - CPCB (Central Pollution Control Board) National Air Quality Status (various years) National Ambient 
Air Quality Monitoring Series: NAAQMS/26/2004/05. pp214. New Delhi: CPCB 
Figure 9: SO2 Trends (ftg/m^) from 1995 to 2003 in Major Indian Cities 
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Table 14: NO, Trends (^g/m') from 1995 to 2003 in Major Indian Cities 
City 
1995 1996 1997 1998 1999 2000 2001 2002 2003 
Ahmadabad 19 15 20 - 33 29 39 32 25 
Bangalore - 28 20 25 27 40 23 25 35 
Chandigarh 32 19 5 9 15 - 0 10 28 
Chennai 17 9 13 17 11 14 18 18 26 
Delhi 47 40 34 34 36 40 37 37 42 
Hyderabad 38 25 31 31 24 25 31 25 26 
Kanpur 16 16 19 23 23 26 26 23 18 
Kolkata 30 29 - 32 31 35 74 82 71 
Mumbai 34 35 34 19 30 26 23 17 21 
Note: - All values are average of all the monitoring stations in the city, for which the data is available 
Source: - CPCB (Central Pollution Control Board) National Air Quality Status (various years) National Ambient 
Air Quality Monitoring Series: NAAQMS/26/2004/05. pp214. New Delhi: CPCB 
Figure 10: NO, Trends (ng/m^) from 1995 to 2003 in Major Indian Cities 
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Chapter-5 
POLLUTION CONTROL IN INDIA: MEASURES AND INSTITUTIONS 
This chapter explains and analyses the role of the central government, the state 
governments and polluting industries itself, in mitigating the widespread pollution in 
India which costs billions of rupees to millions of people of India. 
5.1 AIR QUALITY MONITORING IN INDIA 
The database on ambient air quality status in major Indian cities is confined to 
the information generated by the National Environmental Engineering Research 
Institute (NEERI) through its National Air Quality Monitoring Network. The network 
started in 1978 and was discontinued in 1988 and 1989. The sites were subsequently 
reopened in 1990. Ten cities take part in the network, primarily because of the 
location of NEERI laboratories at Ahmadabad, Bombay, Calcutta, Cochin, Delhi, 
Hyderabad, Jaipur, Kanpur, Madras, and Nagpur. These cities also represent a cross-
section of India's different industrial, geographic, and climatic conditions. Data from 
the three NEERI stations in each megacity—Bombay, Calcutta, and Delhi—are also 
reported to the Global Environment Monitoring System (GEMS). 
In each city, NEERI's monitoring stations are located at three sites that are 
deemed to be representative of industrial, commercial, and residential areas. In some 
cities, it has been necessary to relocate monitoring stations since 1978 for various 
reasons. Where relocation has occurred, replacement sites have been chosen that are 
equally representative of the designated classification. Four air quality parameters 
were originally chosen for measurement: suspended particulate matter (SPM)~daily, 
monthly, and yearly averages; sulphur dioxide (S02)~daily, monthly, and yearly 
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averages; sulphation rate—monthly average; and dust fall—monthly average. Nitrogen 
dioxide (NO2), ammonia, and hydrogen sulphide were also monitored wherever 
appropriate. Meteorological information was collected for the cities for use in data 
interpretation. Sulphur dioxide (SO2), and SPM samples were collected every tenth 
day. Sulphur dioxide samples were collected on an hourly or four-hourly batch basis 
for a period of 24 hours. Nitrogen dioxide was sampled using the sodium arsenite gas 
bubbler method. Suspended particulate matter samples were also taken on a 24-hour 
basis in parallel with SO2 and NO2 monitoring. It has been necessary for NEERI to 
develop its own sampling equipment specifically designed for Indian conditions. 
Measurements of SPM have recently focused on small respirable particulates (PMio) 
using NEERI designed and built samplers. 
Unfortunately, problems have been encountered with the data simimaries. The 
data presented in NEERI's Air Quality Status in Ten Cities reports have not always 
matched data submitted to GEMS in other reports, and it has not been possible to 
resolve all of the anomalies. On the whole, it appears that the majority of these errors 
are typographical mistakes. However, such problems do emphasize the need for better 
quality assurance vnthin the network. At present, no quality control is carried out by 
NEERI or the Central Pollution Control Board (CPCB), and some form of auditing 
system should be established. CPCB initiated its own National Ambient Air Quality 
Monitoring Programme in 1985. The main function of CPCB imder the 1981 Air Act 
is to improve the quality of air and to prevent, control, and abate air pollution 
throughout India. By 1990, 116 monitoring stations (out of 220 sanctioned) were 
being operated by the state pollution control boards and were generating data. 
Unfortunately, CPCB data are not directly comparable with those from the NEERI 
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sites because of differences in sitting criteria and methodologies. CPCB has issued 
one data summary, National Ambient Air Quality Statistics of India 1987-1989, but as 
yet, no assessments have been made. 
Very little monitoring of additional pollutants, such as carbon monoxide and 
ozone, is undertaken in India's cities, and there are no permanent urban monitoring 
stations for these pollutants. In addition, little has been done to characterize the 
particulate fraction or to determine atmospheric lead levels following reductions in the 
lead content of gasoline, although work on this has recently begun. Monitoring 
activities in India should be expanded to cover more pollutants and a wider 
geographical area. Localized air quality assessments should also be conducted to 
identify specific problems and to provide detailed recommendations for pollution 
abatement. 
5.2 WATER POLLUTION MANAGEMENT IN INDIA 
The rapid pace of industrialization and the greater emphasis on agricultural 
growth for overall development have brought in a host of environmental problems in 
recent years in India. Financial and technological constraints have led to inefficient 
conversion processes, thereby leading to generation of larger quantities of waste and 
resulting pollution. The concentration of industries in certain pockets and the skewed 
distribution of rainfall have further compounded the scenario. Thus, India encounters 
water quality problems both on account of water pollution and overexploitation of 
groimdwater. 
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5.2.1 National Water Quality Monitoring Programme 
The water quality monitoring results obtained during 2005 indicated that faecal 
pollution, indicated by high BOD and high coliform density; continue to be the 
predominant source of pollution. This is mainly due to the large quantity of domestic 
wastewater being discharged. An attempt is made to classify the observations under 
different levels of pollution with respect to most critical parameters i.e. BOD, total & 
faecal Coliform. It is observed that 68% of the total 4119 observations taken on BOD 
during 2005 has BOD less than 3 mg/1, which is 2% more than the previous year and 
water bodies are further being polluted. However, number of observations with BOD 
more than 6 mg/1 has decreased from 15% during 2004 to 14% during 2005 indicating 
that pollution load is on the decreased. 
Tablel: Showing the Water Quality Trend Based on Biochemical Oxygen 
Demand 
Year 
% of observation 
BOD<3mg/l BOD (3 - 6)mg/l BOD>6mg/l 
1986 63 19 15 
1987 63 25 11 
1988 69 18 9 
1989 62 23 7 
1990 66 18 10 
1991 64 21 10 
1992 58 20 14 
1993 55 22 14 
1994 54 25 13 
1995 54 25 15 
1996 56 24 15 
1997 58 22 16 
1998 57 28 15 
1999 57 27 16 
2000 59 25 16 
2001 59 21 18 
2002 64 17 19 
2003 67 18 15 
2004 66 19 15 
2005 68 18 14 
Source: Compiled from Ministry of Environment & Forest, GOI, Annual Reports 
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This can be attributed to water scarcity due to over-abstraction, low rainfall in many 
parts of the country and increasing pollution load. However, the number of 
observations having high Coliform density have somewhat reduced. The water quality 
trend based on Biochemical Oxygen Demand, Total Coliform and Faecal Coliform of 
past several years is presented in Figure 1 to Figure 3. 
Figure 1: Showing the Water Quality Trend Based on Biochemical Oxygen 
Demand 
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Table 2: Showing Water Quality Trend Based on Total Coliform 
year 
% of observation 
TC<500 TC(500-5000) TC>5000 
1986 41 39 16 
1987 33 41 20 
1988 26 43 15 
1989 30 28 22 
1990 32 21 23 
1991 33 24 24 
1992 36 26 17 
1993 36 34 14 
1994 33 30 17 
1995 38 27 18 
1996 40 31 14 
1997 38 32 14 
1998 50 35 14 
1999 63 28 9 
2000 46 32 20 
2001 39 29 16 
Source: Ministry of Environment & Forest, GOl, Annual Report (2002-2003) 
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Figure 2: Showing Water Quality Trend Based on Total Coliform 
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Table 3: Showing Water Quality Trend Based on Faecal Coliform 
year % of observation 
FC<500 FC(500-5000) FO5000 
1986 51 22 10 
1987 43 23 14 
1988 36 24 11 
1989 24 17 17 
1990 23 18 17 
1991 24 19 15 
1992 27 18 11 
1993 29 25 11 
1994 31 23 12 
1995 39 21 12 
1996 43 20 8 
1997 41 20 7 
1998 67 26 7 
1999 48 35 17 
2000 55 23 19 
2001 47 16 9 
2002 63 23 14 
2003 58 28 14 
2004 59 27 14 
2005 60 28 12 
Source: Compiled from Ministry of Enviromnent & Forest, GOI, Amiual Reports 
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Figure 3: Showing Water Quality Trend Based on Faecal Coliform 
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5.2.2 Government Measures for Water Pollution Control 
Major industries in India responsible for water pollution are fertilizers, sugar, 
textiles and chemicals, mines and minerals, pulp and paper, leather tanneries, and 
process industries. Pollution problems in India are addressed by a combination of 
legislative, punitive, and motivational measures. The government of India has enacted 
a number of pieces of legislation, such as the Water (Prevention and Control of 
Pollution) Act, 1974 and amended in 1988; the Water (Prevention and Control of 
Pollution) Cess Act, 1977 and amended in 1991; and the Environment Protection Act, 
1986, etc. The problem is compounded by the presence of a large number of small-
scale industries. A system of environmental audit has therefore been introduced to 
enable the production units to evaluate the raw materials, utilities, and operational 
efficiencies to effect any possible midcourse corrections and minimize environmental 
pollution. Imposition of Cess for water required and wastewater produced represent 
the punitive measures that would force the industries to reduce the pollution load. At 
the same time, the government has come out with a number of schemes to encourage 
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setting up of treatment plants to mitigate the pollution load through subsidies and soft 
loans. 
5.2,3 Water Pollution Mitigation by Industries 
Initially, the affected industries directed their efforts to treat their effluents so 
as to meet the discharge norms such as MINAS (minimum allowable standards), 
usually defined in terms of temperature, pH, BOD, COD, suspended loads, and toxic 
constituents such as mercury, chromium, cadmium, etc. The norms are different for 
inland and coastal discharges. Large and medium scale industries have their own 
infrastructure and resources, and they have adopted their own effluent treatment 
schemes so as to render their discharge streams environmentally safe. Small scale 
industries, because of their limited resources in terms of finance, space, and 
technology, cannot afford to treat their wastes. The concept of Common Effluent 
Treatment Plant (CETP) was evolved to provide necessary assistance to this sector, 
wherein the wastes generated by a number of industries are brought together to a 
central place and treated. A number of plants are in operation in different parts of 
India. Significant variations in the composition of the wastewater arising from a 
cluster of industries have created difficulties in ensuring the efficiency and 
effectiveness of the CETP. Insisting on a pretreatment system by the individual 
industries to ensure consistency of the composition of effluents would defeat the very 
purpose of CETP. With the knowledge that the addition of domestic sewage improves 
the treatability of industrial wastewater, a new approach, referred to as a Combined 
Effluent Treatment Plant, has evolved, wherein the domestic sewage of the 
surrounding community is jointly treated with the industrial wastewater (Prabhu and 
Kantawala). 
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5.2.4 Water Management in Indian Industries 
The migration of population and the clustering of industries around urban 
centers have escalated the demand for good-quality water, both for industrial and 
domestic use. Inadequate natural resources and increased generation of sewage have 
created problems, both in the supply of water and disposal of sewage, forcing the 
government to increase the water charges and effluent Cess. In urban centers, a dual 
pricing system for water is being adopted, whereby water for domestic consumption is 
charged less. Furthermore, industries are encouraged to set up water recovery or 
desalination plants to meet their demands. Consequently, industry has not only started 
adopting measures to minimize waste, but also has been looking for various means by 
which they can recover and recycle their wastewater. 
5.3 INSTITUTIONAL FRAMEWORK IN INDIA 
India's environmental regulatory framework is based on a system of shared 
central government and state pollution control administration. Since the passage of the 
Environment Act of 1986, the enforcement and oversight role of the central 
government, and particularly of Ministry of Environment & Forests, has been 
strengthened considerably. At the national level, the Central Pollution Control Board 
administers air and water regulatory efforts. This board is responsible for coordination 
of activities and guidance in standard setting for its state counterparts. The State 
Pollution Control Boards are responsible for enforcing the regulations. The states may 
adopt standards that are more restrictive than those of the CPCB, but they may not 
relax them. 
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5.3.1 The Central Pollution Control Board (CPCB) 
The Central Pollution Control Board (CPCB) is the national apex body for 
assessment, monitoring and control of water and air pollution. The executive 
responsibilities for enforcement of the Acts for Prevention and Control of Pollution of 
Water (1974) and Air (1981) and also of the Water (Cess) Act, 1977 are carried out 
through the Board. The CPCB advises the Central Government in all matters 
concerning the prevention and control of air, water and noise pollution and provides 
technical services to the Ministry for implementing the provisions of the Environment 
(Protection) Act, 1986. Under this Act, effluent and emission standards in respect of 
61 categories of industries have been notified. 
The CPCB has oversight powers over the various state boards. It sets emission 
standards, and lays down ambient standards. The CPCB also conducts nationwide 
surveys about the status of pollution, and of pollution mitigation. Two programs of 
inland water quality monitoring have been set up so far, leading to the spreading of 
480 measurement stations over the main river basins of the country. These two 
programs are the Global Environment Monitoring System (GEMS) and Monitoring of 
Indian Aquatic Resources (MINARS). The Ganga river is subject to a dedicated 
program called Ganga Action Plan (GAP) under which a water quality control 
network as been set up in the Ganga basin. The measurement are made in different 
kind of medium (river, wells, lakes, creeks, ponds, tanks, drains and canals) and 25 
physico-chemical and biological parameters are monitored. 
The Central Pollution Control Board, in consultation with State Pollution 
Control Boards, has identified critically polluted areas in the coimtry which need 
special attention for control of pollution. These are: Vapi (Gujarat), Singrauli (Uttar 
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Pradesh), Korba, Ratlatn, Nagda (Madhya Pradesh), Digboi (Assam), Talcher 
(Orissa), Bhadravati (Kamataka), Howrah (West Bengal), Dhanbad (Bihar), Pali and 
Jodhpur (Rajasthan), Manali and North Arcot (Tamil Nadu), Visakhapatnam and 
Patancheru, (AndhraPradesh), Chembur (Maharashtra), Najafgarh (Delhi), 
Govindgarh (Punjab), Udyog Mandal (Kerala) and Parwanoo and Kala Amb 
(Himachal Pradesh). 
5.3.2 The State Pollution Control Boards (SPCBs) 
The implementation of the national environmental laws and the enforcement of 
the standards set by the CPCB are decentralized at the level of each state, with the 
SPCB in charge of this role. The SPCB can demand information from any industry 
about the compliance with the Act. Non- compliance can be punished with fines up to 
Rs. 10000, and imprisonment up to three months. In case of continued non-
compliance, an additional daily fine of 5000 Rs. can be imposed. Until 1988, the only 
enforcement tool of the SPCB was criminal prosecution. This was revised by the 1988 
amendment to the Water Act of 1974. The boards now have the power to close non-
compliant companies or to cut their water and power supply. The ultimate recourse 
remains public interest litigation in fi-ont on the Supreme Court. During the last 
decade, the Supreme Court has been involved several times in large scale environment 
related measures. In April 1995 for example, the Supreme Court of India, in a public 
interest litigation case, has ordered that 538 tanneries located in 3 clusters in Calcutta 
generating about 30 mid of effluents be shifted from the city to a leather complex and 
a CETP (Common Effluent Treatment Plant)be provided to treat the effluent generated 
from the complex. In 1996, it has ordered the closure of all taimeries in Tamil Nadu 
that had not set up pollution control systems. However, control and sanction is not the 
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only way of interaction between the boards and the polluting entities. Under the Water 
Cess Act of 1977 state boards may charge industries and municipalities with a water 
Cess calculated on the volume of water consumed, and for consent fees. Nevertheless 
any fee levied by the SPCBs has to be sent to the central government. The central 
government is then supposed to return 80% of the fees to the SPCBs 
5.3.3 Discharge Standards: MINAS 
The CPCB has issued a set of norms that have to be enforced by the SPCBs. 
Those standards are expressed in terms of effluent concentration and are called 
Minimum Acceptable Standards (MINAS). SPCB have the choice to adopt more 
stringent standards. The MINAS are defined for each type of industry and for each 
type of medium of release. Classical criteria are BOD, COD, and TSS. The MINAS 
standards concerning those criteria are respectively of 30 mg/L, 250 mg/L, and 100 
mg/L. 
5.3.3.1 The Water Cess 
The CPCB has laid down a list of major polluting industries in 1989. Those 
industries are subject to a special regime of inspection fi-om the SPCBs and are subject 
to the water Cess are 
> Ferrous metallurgical industry 
> Non-ferrous metallurgical industry 
> Mining industry 
> Ore processing industry 
> Petroleum industry 
> Petrochemical industry 
> Chemical industry 
> Ceramic industry 
> Cement industry 
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> Textile industry 
> Paper industry 
> Fertilizer industry 
> Coal (including coke) industry 
> Power (thermal and diesel) generating industry 
> Processing of animal or vegetable products industry 
Source: The water (Prevention and Control of Pollution) Cess Act, 1977 
Table 4A: Rate of Water Cess 
S.NO. Purpose for which water is 
consumed 
Maximum 
rate (Paisa 
per kilolitre) 
Maximum rate (Paisa per 
kilolitre) in case of non-
compliance of 
the water user with the 
environmental standards 
1 Industrial cooling, spraying in 
mine pits or boiler feeds 1.50 
2.25 
2 Domestic purpose 2.00 3.00 
3 
Processing whereby water gets 
polluted and the pollutants are 
easily biodegradable and are 
toxic. 
4.00 7.50 
4 
Processing whereby water gets 
polluted and the pollutants are 
not easily biodegradable and are 
toxic. 
5.00 7.00. 
Source: The water (Prevention and Control of Pollution) Cess Act, 1977 
5.3.4 Water Use in the Industry 
Water use in industry is a double-edged sword. On one hand it puts immense 
pressure on local water resources. On the other, wastewater discharged from the 
industry pollutes the local environment. Water is required, often in large volumes, by 
industries as process inputs in most industries. In other cases, like food and beverage 
and chloral-alkali industry, water is used as a raw material: turned into a manufactured 
product and exported out of the local water system. 
However, in most industries it is essentially used as input and mass and heat 
transfer media. In these industries a very small fraction of water is actually consumed 
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and lost. Most of the water is actually meant for non-consumptive process uses and is 
ultimately discharged as effluent. 
The amount of water available matters but so also does its quality. Industry 
requires water of good quality for its use, and for this it uses cleaner upstream water. 
However, the water it discharges is always of lower quality than the feed water and 
this wastewater is discharged downstream. At best the wastewater discharged 
represents a quality that can be recycled for lower grade of industrial use and at worst 
represents water quality which is unsuitable for every use other than navigational 
purposes. In other words, this water is unfit for usage, is seldom used by the industries 
and usually used for certain agricultural purposes or by villagers to meet their daily 
needs. 
Table 4B: Water Use in India 
Industrial Sector 
Annual 
wastewater water 
discharge (million 
Cubic meters) (%) 
Annual 
consumption 
(million cubic 
meters) 
Proportion 
of water consumed 
in industry 
Thermal power plants 27000.9 35157.4 87.87 
Engineering 1551.3 2019.9 5.05 
Pulp and paper 695.7 905.8 2.26 
Textiles 637.3 829.8 2.07 
Steel 396.8 516.6 1.29 
Sugar 149.7 194.9 0.49 
Fertilizer 56.4 73.5 0.18 
Others 241.3 314.2 0.78 
Total 30729.2 40012.0 100.0 
Source: Estimated by CSE 
quality in India (Status and 
based on the wastewater discharged data published by CPCB in "Water 
trends) 1990-2001". 
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5.3.4.1 Major Consumers of Water 
Water consumption depends on the type of industry. Whereas thermal power, 
textiles, pulp and paper and iron and steel are highly water intensive sectors, industrial 
sectors like chloral-alkali, cement, copper and zinc and plastics require little water. 
Data on actual water consumption in India is absent. However, the data on 
wastewater discharge by various industrial sectors in the country is available. The data 
on wastewater discharge has been compiled by CPCB. According to CPCB, the total 
wastewater discharged by all major industrial sources is 83,048 million litres per day 
(mid). This includes 66,700 mid of cooling water discharged by thermal power plants 
(TPPs). Out of the remaining 16,348 mid of wastewater, TPPs generates another 7,275 
mid as boiler blow down water and overflow from ash pond. 
According to CPCB the annual water consumption in Indian industry is 40 
billion cubic meters and the annual wastewater discharge is about 30.7 billion cubic 
metres. Therefore, the overall ratio of wastewater discharged to freshwater 
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consumption in Indian industry works out to be about 0.77. That is, for every cubic 
meter of water consumed by Indian industry, 0.77 cubic meters of wastewater is 
discharged. Considering this. Centre for Science and Envirormient (CSE) has 
estimated the possible water consumption in various industrial sectors in India. 
(i)Thermal Power Plants (TPPs): Most of TPPs in India are owned by the 
government. Indian TPPs are one of the highest consumers of water as compared to 
their global counterparts. On an average, for every 1000 Kwh power, Indian TPPs 
consume as much as 80 cubic meters of water. The water consumption in the modem 
TPPs in developed countries is less than 10 cubic meters for every 1000 Kwh. The 
major reason for this atrocious figure is the widespread prevalence of 'once-through 
cooling systems'. 
(ii)Pulp and Paper: Water consiunption in Indian pulp and paper industry is 
significantly higher than in developed countries. The reason behind this is complete 
discharge of paper machine wastewater, which can be recycled easily. Use of 
chlorine-based bleaching technology in wood and non-wood based mills. Due to the 
presence of chlorine compounds in the bleach wastewater, it cannot be used as 'black 
liquor' for energy generation and hence is discharged. 
(iii)Textiles: In India, the textile industry consumes water double than 
internationally accepted standard amoimt for consumption. A major factor is obsolete 
technology which permits minimum recycling and reuse of process water. For 
instance, most textile mills in India do not use counter-current washing systems; 
instead they use clean water at every stage of the wash cycle. Similarly the reuse of 
final rinse water from dyeing for dye bath make-up or reuse of soaper wastewater, is 
absent in most mills. 
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(iv)Iroii & Steel: The Iron & Steel sector is also water intensive industry. In 
India, approximately 80-85 per cent freshwater consumed in this sector is discharged 
as effluent. In contrast, in USA over 95 per cent of the water used for steel production 
and processing is recycled. Consequently, while the Indian steel companies consume 
about 10-80 cubic meters water to produce a single tonne of steel, in the US only 5-10 
cubic meters of water is needed. Global best practice for wastewater discharge in 
integrated iron and steel plant is less than 0.1 cubic meters per tonne steel. Indian 
industry will have to reduce its voracious appetite for water. Water, the once 
inexhaustible natural resource, is going to be one of the most important factors to 
decide the growth and development of Indian industry in the future. 
5.3.5 Inefficient Use of Water in the Industry 
The ratio of water consumption and economic value creation in Indian industry 
is poor. For every cubic metre of water that Indian industry uses, it generates merely 
US $7.5 economic productivity. 
Table 4C: Use of Water in the industry in Selected Countries 
Country 
Industrial water 
use (billion cubic 
metres) 
Industrial 
productivity (million 
US$) 
Industrial water 
productivity (US $ / 
cubic metre) 
Argentina 2.6 77171.0 30.0 
Brazil 9.9 231442.0 23.4 
India 15.0 113041.0 7.5 
Korea, Rep. 2.6 249268.0 95.6 
Norway 1.4 47599.0 35.0 
Sweden 0.8 74703.0 92.2 
Thailand 1.3 64800.0 48.9 
United Kingdom 0.7 330097.0 443.7 
Source: World Bank, 2001 
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5.4 OTHER ECONOMIC INCENTIVES 
• Depreciation allowance: A depreciation of 100% per cent is provided on 
specific equipment installed by manufacturing units to control pollution. 
• Water Cess: If an industry has installed equipment for treatment of sewage or 
effluent, it can avail of a rebate of 70 per cent on the water Cess, which is 
levied on water use. 
• Concessional custom duty: Equipment and spares for pollution control attract 
reduced rates of customs duty. 
• Excise duty: Excise duty at reduced rate of 5% on manufactured goods that are 
used for pollution control. 
• Soft loans: Financial institutions can extend soft loan facilities for installation 
of pollution control equipment. 
• Subsidies: Small scale industries can receive financial assistance and subsidies 
to set up common effluent treatment facilities. 
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5.5 SPECIAL SCHEMES 
5.5.1 The Common Effluent Treatment Plants Schemes 
Pollution from Small Scale Industries (SSIs) puts the Indian regulators in front 
of a difficult arbitrage between economic development and environmental 
sustainability. Indeed, 40% of the wastewater generated by Indian most polluting 
industries comes from small scale industries. With the adoption of the water act, those 
small scale industries had in theory the obligation to treat their effluent in order to 
reach a pollution concentration respecting the minimum acceptable standards laid 
down by the SPCBs. Nevertheless, the size of these facilities makes the installation of 
a standard effluent treatment plant (ETP) unaffordable because of the important fixed 
cost of an individual ETP. Therefore, public authorities have taken the initiative to 
promote common effluent treatment plants (CETPs) schemes, allowing small 
industries to gather in order to treat jointly their effluents. The CETP concept was 
originally promoted by the Ministry of Environment and Forests in 1984. The first 
CETP in India was constructed in 1985 in Jeedimetlha near Hyderabad, Andhra 
Pradesh, to treat wastewaters from pharmaceuticals and chemicals industries. In 2006, 
115 CETPs had been set up around the country. 
Although CETPs are mainly seen as a mean to take advantage of scale 
economies, these schemes also act as subsidies from public powers to small industries 
in order to allow them to respect the standards. 
The minimum participation asked from SSIs in the CETP schemes 
implemented in India is 20%. The rest is firnded through subsidies from central and 
state governments as well as loans from international organisations such as the World 
Bank or Indian institutions such as IDBI or ILFS. 
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The subsidy effect in favour of SSIs may be increased in some cases when an 
industrial area gathers SSIs as well as larger polluting industries. In these cases, some 
cross subsidies may be set up by asking the larger industries to contribute to the 
development of the CETP while treating their effluent before releasing them in the 
common drain. There are in fact diverging opinions on the relevance of CETPs in a 
national pollution abatement policy. It has been clearly shown that compared to 
individual ETPs, CETPS are more cost effective in reaching the effluent concentration 
standards (Pandey & Deb, 1998; Sankar 1998). However, treating the effluents is not 
the only way to meet the standards, and process changes induced by regulatory 
pressure have proved to give good results in several results, and can even enhance the 
company's competitiveness. In a seminal article published in 1991, Michael Porter 
formulated what is usually referred to as the 'Porter Hypothesis' strict envuronmental 
regulations do not inevitably hinder competitive advantage against foreign rivals; 
indeed, they often enhance it (Porter, 1991). A test of the Porter hypothesis on the 
Indian manufacturing industry was recently carried out by Murty and Kumar (Murty 
& Kumar 2001) considering this element into accoimt, one can wonder if the CETPs 
are really a viable long term solution, or if they simply delay a necessary effort of 
process adaptation from the concerned industries. 
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Table 5: Selected State-wise Status of Sewage Treatment Plants (STPs) in India 
(2005-2006) 
State STPs Studied by CPCB 
STPs Achieved 
Norms During the 
Study 
STPs did not achieve 
norms during the 
study 
Bihar 3 3 0 
Chandigarh 2 1 1 
Chhattisgarh 3 2 1 
Delhi 26 20 6 
Gujarat 9 6 3 
Haryana 7 2 5 
Himachal Pradesh 5 5 0 
Kamataka 4 2 2 
Madhya Pradesh 2 1 1 
Maharashtra 4 0 4 
Punjab 4 4 0 
Rajasthan 1 0 1 
Uttar Pradesh 25 8 17 
Uttaranchai 2 1 1 
West Bengal 18 15 3 
India 115 70 45 
Source: Ministry of Environment and Forests, Govt, of India. 
Figure 10: Selected State-wise Status of Sewage Treatment Plants (STPs) in India 
(2005-2006) 
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It is evident from the Table 5 that 70 (60.86%) STPs were able to achieve the 
norms set by the pollution control board. It is not very encouraging trends and 
monitoring and complying must be strengthened. 
5.5.2 The River Action Plans 
The National River Conservation Directorate (NRCD), under the Ministry of 
Environment and Forest, Government of India, is in charge of coordinating several 
river conservation plans. Those plans basically consist in the setting up of sewage 
diversion and treatment facilities, along with action directed toward mitigation of 
industrial pollution through the setting up of Individual or Conimon Effluent 
Treatment Plants (CETPs) 
The first large scale action plan oriented towards conservation and 
rehabilitation of water resources was the Ganga Action Plan (GAP), launched in 1985. 
The Ganga River Basin is one of the most populous in the world with five Indian 
states relying on the Ganga for their water needs (Haryana, Delhi, Uttar Pradesh, 
Bihar and West Bengal). The river system has been divided in several stretches for 
which objectives of water quality were fixed using the primary water quality standards 
defined in the Table 5 A. The main elements of the strategy adopted for the first phase 
of the Ganga Action Plan were a combination of diversion and treatment of sewage 
fi-om the major cities in the river basin, as well as provision of low cost sanitation for 
rural areas, and other interventions such as river banks development and setting up of 
electric crematorium. In practice, only the first part of the plan consisting in diversion 
of sewages has been fully implemented. Out of the 1340 MLD capacity that was 
initially targeted for sewage treatment, only 873 was actually set up. 
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5.5.2.1 Ambient Standards for River Quality 
Table 5A: Primary Water Quality Standards: 
Criterion 
Designated best use 
Class A Class B Class C Class D Class E 
Dissolved Oxygen (mg/1) Maximum 6 5 4 4 -
BOD (mg/1) Maximum 2 3 3 - -
Total coliform count (MPN/100 ml) 
Maximum 50 500 5000 - -
pH acceptable range 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 
Free ammonia (mg/1) - - - 1.2 -
Conductivity - - - - 2.5 
Sodium absorption ratio - - - - 26 
Boron (mg/1) - - - - 2 
Class A: Drinking water source without conventional treatment. 
Class B: Water for outdoor bathing. 
Class C: Drinking water with conventional treatment. 
Class D: Water for wildlife and fisheries 
Class E: Water for recreation and aesthetics, irrigation and industrial cooling. 
Source: CPCB 
The quality of river water is monitored at 480 stations vmder different 
programmes such as MINARS (Monitoring of Indian National Aquatic Resources), 
GEMS (Global Environmental Monitoring Systems), and GAP (Ganga Action Plan). 
A number of physical, chemical, biological and bacteriological parameters are being 
measured imder the programme, but the important ones include BOD (Biochemical 
Oxygen Demand), DO (Dissolved Oxygen), and TC (Total Coliform) count. Heavy 
metals are however not included under the monitoring programme. Some of the 
polluted river stretches; their critical parameters and possible sources of pollution are 
listed in the table 5B below. 
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Table SB: List of Polluted River Stretches 
River Polluted stretch Desired 
class 
Existing 
Class 
Critical 
parameters 
Possible source of 
pollution 
Sabarmati 
Immediate upstream 
of Ahmedabadupto 
Sabarmati Ashram B E 
DO, BOD, 
Coliform 
Domestic and industrial 
waste from Ahmedabad 
Sabarmati Sabarmati Ashram to Vautha D E 
DO, BOD, 
Coliform 
Domestic and industrial 
waste from Ahmedabad 
Subamarekha Hatia dam to Bharagora C D/E -do-
Domestic and industrial 
waste from Ranchi and 
Jamshedpur 
Godavari Downstream of Nasik 
and Nanded 
C D/E BOD 
Wastes from sugar 
industries, distilleries and 
food processing 
industries 
Krishna Karad to Sangli C D/E BOD Wastes from sugar industries and distilleries 
Sutlej Downstream of 
Ludhiana Haike 
C D/E BOD, DO 
Industrial wastes from 
hosieries, tanneries, 
electro-plating and 
engineering industries 
and domestic waste 
from Ludhiana and 
Jalandhar 
Sutlej Downstream of Nanga! C D/E Ammonia 
Wastes from fertilizer 
and chloralkaii mills 
from Nangal 
Yamuna 
Delhi to confluence 
with 
Chambal 
C D/E DO, BOD, Coliform 
Domestic and industrial 
wastes from Delhi, 
Mathura 
and Agra 
Yamuna 
In the city limits of 
Delhi 
Mathura and Agra 
B D/E DO, BOD, Coliform 
Domestic and industrial 
wastes from Delhi, 
Mathura 
and Agra 
Hindon 
Saharanpur to 
confluence with 
Yamuna 
C D DO, BOD, Toxicity 
Industrial and domestic 
wastes from Saharanpur 
and Ghaziabad 
Chambal 
Downstream of Nagda 
and downstream of 
Kota 
C D/E BOD, DO 
Domestic and industrial 
waste from Nagda and 
Kota 
Gomti 
Lucknow to 
confluence with 
Ganges 
C D/E DO, BOD, Coliform 
Industrial wastes from 
distilleries and domestic 
wastes from Lucknow 
Kali 
Downstream of 
Modinagar to 
confluence with 
Ganges 
C D/E BOD, Coliform 
Industrial and domestic 
wastes from Modinagar 
Source: CPCB 1999 
Note: Water quality and the desired water quality is expressed in classes A, B, C, D, and E, which reflect the best 
use of that water. Class A indicates that water is fit for drinking without conventional treatment but after 
disinfection; Class B that it is suitable for outdoor bathing; and Class C, that it is suitable for drinking after 
conventional treatment. Class D water is suitable for propagation of wildlife and fisheries and Class E water can be 
used for irrigation, industrial cooling, and controlled waste disposal. 
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The GAP has however led to an observable enhancement of river quality in the 
Ganga. Along with the actions directed toward domestic pollution, 68 highly polluting 
were identified along the Ganga River Basin and were asked to conform to the 
standards by setting up ETPs. 
Table 6: Year wise Progress of ETP Installation in the 68 Industries Under GAP 
Year Units with ETP Installed 
Units with ETP 
Under Construction 
Units with No 
ETP Units closed 
1985 14 0 54 0 
1988 25 11 27 5 
1990 41 10 8 9 
1992 44 7 3 14 
1994 46 2 0 20 
1995 55 0 0 13 
Source: CPCB 
Figurell: Year wise Progress of ETP Installation in the 68 Industries under GAP 
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Table 7: Status of Defaulters under the Program of Industrial Pollution Control 
along the Rivers and Lakes, India, 1997 and 2000 
State/Union 
Territory 
Number of 
defaulters in 
Aug. 97 
Closed 
subsequently 
Acquired 
requisite 
treatment/ 
disposal facilities 
Number of 
defaulters in 
Dec.2000 
Andhra Pradesh 60 17 37 6 
Assam 7 5 0 2 
Bihar 14 4 10 0 
Goa 0 0 0 0 
Gujarat 17 3 14 0 
Haryana 21 8 12 1 
Himachal Pradesh 0 0 0 0 
Jammu and Kashmir 0 0 0 0 
Kamataka 20 2 17 1 
Kerala 36 4 32 0 
Madhya Pradesh 2 1 0 1 
Maharashtra 6 3 3 0 
Orissa 9 1 4 4 
Punjab 18 I 16 1 
Rajasthan 0 0 0 0 
Tamil Nadu 366 118 248 0 
Uttar Pradesh 241 59 176 6 
West Bengal 30 7 23 0 
Pondicherry 4 0 4 0 
Total 851 233 596 22 
Source: Central Pollution Control Board, reported in Goldar and Banerjee 2002. 
Figure 12: Trends of Defaulters under the Program of Industrial Pollution 
Control along the Rivers and Lakes, India, 1997 and 2000 
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Table 8: Programs Implemented by the National River Conservation Directorate 
Name Number of towns covered 
Volume of 
Sewage Diverted 
/Treated (MLD) 
Cost (Rs.Crores) 
Ganga Action Plan Phase I 25 873 462.04 
National River 
Conservation Plan 46 1928 737.13 
Yamuna Action Plan 20 744 823.57 
Gomati Action Plan 3 269 61.11 
Damodar Action Plan 12 68 23.58 
Ganga Action Plan 
Phase 11 (main stem) 29 618 378 
Ganga Action Plan 
Phase 11 (Supreme Court 
Towns) 
30 162 209.90 
Source: NRCD 
Figure 13: Expenditure on National Rivers Conservations in India 
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5.5.3 The National Drinking Water Mission 
The Accelerated Rural Water Supply Programme (ARWSP) was introduced in 
1972-73 by the Government of India to assist the States and Union Territories (UTs) 
to accelerate the pace of coverage of drinking water supply. The entire programme 
was given a Mission approach with the launch of the Technology Mission of Drinking 
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Water and Related Water Management, also called the National Drinking Water 
Mission (NDWM), in 1986. It was one of the five Societal Missions launched by the 
Government of India. The NDWM was renamed as the Rajiv Gandhi National 
Drinking Water Mission (RGNDWM) in 1991. 
5.6 POLLUTION BY INDUSTRIES 
5.6.1 Pollution by Large Industries 
In 1992, the CPCB has launched a water pollution control program in order to 
tackle the problem of industrial pollution. It has identified 1551 large and medium 
industries, and given a time schedule for compliance with the prescribed standards. 
The progress report is presented in the table 9 and table 10. According to these figures, 
a drastic reduction can be observed in the number of non-compliant industries. Doubts 
remain, however, concerning the actual operation of the installed treatment imits. 
There is indeed evidence that many industries only run their effluent treatment plant 
(ETP) during the inspections. 
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Table 9: Status of Pollution Control in 17 Categories of Highly Polluting 
Industries, India, 1995 and 2000 
State/ Union 
Territory 
Number of 
units identified 
No. of units not having 
Adequate facilities to comply with 
standards 
Mar-95 Dec-2000 
Andhra Pradesh 173 32 1 
Assam 15 5 1 
Bihar 62 11 2 
Goa 6 0 0 
Gujarat 177 8 0 
Haryana 43 7 0 
Himachal Pradesh 9 0 0 
Jammu and Kashmir 8 4 0 
Kamataka 85 21 0 
Kerala 28 4 0 
Madhya Pradesh 78 21 5 
Maharashtra 335 28 5 
Orissa 23 10 4 
Punjab 45 11 0 
Rajas than 49 2 0 
Tamil Nadu 119 8 0 
Uttar Pradesh 224 40 3 
West Bengal 58 27 3 
Delhi 5 3 0 
Pondicherry 6 4 0 
Other states/UT 3 6 0 
Total 1551 252 24 
Source: Central Pollution Control Board, Annual Report, 1994-95 and 2000-01, reported in Goldar and 
Banerjee 2002. 
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Figure 14: Changes in the Numbers of units not having adequate facilities to 
comply with Standards from 1995-2000 
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The implementation of the action plan for pollution control in 1551 medium 
and large scale units identified under 17 highly polluting industrial sectors was 
continued. The follow-up of the action taken against the defaulting industries under 
Section 5 of The Environment Protection Act, 1986 was further intensified and as a 
result the number of defaulting industries has been reduced fi-om 540 in March, 1993 
to 21 in March, 2003. The number of complying industries has increased fi"om 960 to 
1351. 
Out of these indentified 1551 industries about 77 per cent are predominantly 
water polluting and 15 per cent are predominantly air polluting, and the remaining 8 
per cent are both air and water polluting industries. Annual progress in the 
implementation of pollution control measures in the 17 categories of highly polluting 
industries is presented in the Economic Survey of the India (2000-01). According to 
the CPCB, in the year 1993 out of a total of 1,551 large and medium industries 
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identified in 1992 in the 17 categories of highly polluting industries, 960 industries 
have installed the requisite pollution control facilities to comply with the prescribed 
environmental standards. 51 industries have closed down and 540 industries are yet to 
install the necessary pollution control facilities. The number of defaulting industries 
shows a declining trend from 1993 to 2003. But, it shows an increasing trend from 
2004 both in absolute as well as in relative terms. The year-wise progress made in the 
implementation of the programme from 1993 to 2006 is presented in table 10 given 
below. 
Table 10: Year-wise Progress in Implementation of the Programme 
Year 
Closed 
Industries 
Complying 
Industries 
Defaulters 
Industries Total Industries 
1993 51 960 540 1551 
1994 74 1158 319 1551 
1995 121 1178 252 1551 
1996 111 1237 203 1551 
1997 125 1260 166 1551 
1998 125 1261 165 1551 
1999 135 1269 147 1551 
2000 164 1320 67 1551 
2001 174 1335 42 1551 
2002 178 1351 22 1551 
2003 179 1351 21 1551 
2004 255 1877 53 2155 
2005 235 1927 139 2301 
2006 335 2044 299 2678 
Source: Compiled Various Reports of Central Pollution Control Board 
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5.6.2 Pollution by Small Scale Industries 
The toughest choice that Indian authorities have to face in terms of industrial 
pollution control is posed by pollution Small Scale Industries (SSIs). Indeed, the 
smallest facilities are the one for which adaptation to the environmental standard are 
less affordable. The number of Small Scale Industries (SSIs) is estimated to be over 
0.32 million imits, of which many are highly polluting. The share of the Small Scale 
Industries (SSIs) in terms of wastewater generation among several of the major 
polluting industries was reported to be about 40%. 
Table 11: Wastewater Generation by SSIs in Selected Industrial Sectors 
Industry Wastewater Generation (MLD) 
Engineering 2125 
Paper and board mills 1087 
Textile 450 
Organic chemicals 60 
Tanneries 50 
Pharmaceuticals 40 
Dye and dye intermediates 32 
Soaps, paints, varnishes, and 
petrochemicals 
10 
Edible oil and Vanaspati 7 
Source: CPCB, reported in Kathuria and Gundimeda (2001) 
5.6.3 Estimation of Pollution Intensity in India using the Industrial Pollution 
Projection System. 
In order to deal with the lack of global data about industrial pollution in 
developing countries, the World Bank has developed a method to assess such levels of 
pollution, using data from developed countries such as the US and converting them, 
thanks to pollution intensities coefficients (Hettige et. al., 1994). This method is called 
Industrial Pollution Projection System (IPPS). The IPPS has developed by the World 
Bank merges data from United State Environmental Protection Agency (US EPA) 
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about pollution emissions and the Longitudinal Research Database (LRD) on 
industrial activity, in order to calculate pollution intensity for different industrial 
sectors. The pollution intensity is defined as the level of pollution emission per unit of 
industrial activity, this last value being measured either by the value of production, the 
value added, or the employment. The pollution intensities from the World Bank have 
been computed for the year 1987. Recently, an attempt has been made to estimate 
industrial pollution in India using the IPPS (Pandey & Gosh, 2002). The data used 
were provided by the Annual Survey of Industries (ASI) from the Indian Central 
Statistical Organisation (CSO). The estimated pollution load for the different states is 
presented in the tablel2. 
Table 12: Water Pollution Load (Tons of BOD) Using Output Intensity. 
States Pollution Load 
Bihar 321494 
Madhya Pradesh 243125 
Maharashtra 234360 
Orissa 204240 
Andhra Pradesh 131536 
West Bengal 130444 
Uttar Pradesh 103205 
Punjab 96050 
Tamil Nadu 84384 
Gujarat 78354 
Kamataka 58705 
Haryana 36939 
Rajasthan 23530 
Delhi 12387 
Pondicherry 9655 
Chandigarh 9294 
Assam 7861 
Kerala 6549 
Himachal Pradesh 5709 
Jammu & Kashmir 2378 
Goa 118 
Daman & Diu 115 
Others 78698 
All India 1879140 
Source: Pandey & Ghosh, 2002. 
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The following table 13 provides estimated water Pollution Load for some the different 
industries. 
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Table 13: Estimated Water Pollution Load (in tons) by Industry 
Industry Estimates using 
Output Intensities 
Ranking Estimates using 
Employment 
Intensities 
Ranking 
Aluminium 47469 3 0 16 
Copper 16035 6 44495 9 
Zinc 7737 8 22923 12 
Iron and Steel 1639368 1 8093409 1 
Cement 5168 11 28000 11 
Oil Refinery 4340 12 16805 13 
Drugs 5889 10 44736 8 
Petrochemicals 1818 13 3805 14 
Fertilisers 31480 4 106644 7 
Pesticides 7366 9 37927 10 
Caustic Soda 836 15 135691 5 
Pulp and Paper 86245 2 801764 3 
Leather 894 14 5316058 2 
Dyes 0 16 1198 15 
Distillery 7740 7 110334 6 
Sugar 16747 5 217639 4 
Source: Pandey & Ghosh 
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5.7 The Cost of Industrial Pollution Abatement 
The goal of a pollution control policy is to get as close as possible to the state 
that maximizes the aggregated social welfare. Considering the level of pollution, the 
highest social welfare should be obtained by pollution abatement until the point at 
which the marginal abatement cost and the marginal environmental damage avoided 
through this abatement have the same value. Identifying such a point would imply to 
know precisely the aggregated abatement cost function of the national industry. 
Therefore, studying the cost of industrial pollution abatement is a critical element in 
defining an economically and ecologically sound policy for pollution control. There 
have been several studies carried out by Indian academics during the 90's in order to 
provide information about the cost of compliance with environmental standards for the 
Indian Industry. 
It is estimated that Indian industry may have to spend around 2 to 5 % of its 
capital investment on pollution control. The annual operating costs are expected to be 
between 15 to 30 per cent of the investment made on the treatment facilities. 
According to these estimates, the total annual investment needed for water pollution 
abatement across all the water polluting industries is estimated at R. 1400 crores, 
which is about 1.17M of the annual turnover of these industries. 
The first attempt by Indian academics to present a cost of pollution abatement 
for a certain kind industry was presented in Mehta, Mundle & Sankar, 1993. Three 
industries among the one considered by the Indian regulatory system as polluting 
industries were selected for the study; i.e. sugar, distilleries, and paper. The three 
pollution indicators taken into account were Biological Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), pH, and Suspended Solids (SS). 
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The following average abatement costs were found from the analysis of 22 
sample units. 
Table 14: Average Abatement Cost in Sample Units (1991-1992 Prices) 
Cost Sugar Paper Distilleries 
Capital cost per KLDF* (Rs.) 1900 949 11260 
Annualised capital cost per KLDF (Rs.) 352 175 2088 
Annualised capital cost per sale ratio (%) 0.26 0.63 3.52 
Operating cost per KL effluent flow (Rs.) 1.74 0.82 3.17 
Operating cost per kg reduction of 
pollutants (Rs.) 
4.27 2.25 0.07 
Operating cost to sale ratio (%) 0.4 0.7 0.85 
Net operating cost to sale ration (%) 0.4 0.56 -4.6 
Labour cost share in operating cost (%) 14.4 6.71 19.1 
Material cost share in operating cost (%) 14 15.5 44. 
Power cost share in operating cost (%) 70 66.52 31.6 
* KLDF stands for Kilo Liter Designed Flow 
Source: Mehta, Mundle & Sankar, 1993 
5.7.1 Corporate Environmental Responsibility 
While studying the industrial scenario, it may be seen that the Indian industry 
has already started to consider such externalities and adopted measure for pollution 
control, of course, tmder executive and judicial pressure. But, prior to 1997 no 
database is available to probe into measures adopted by the Corporate/industry to 
safeguard environment. This absence of relevant database makes the task difficult to 
estimate the cost of measures and its effect on country's economy. Only in Annual 
Survey of Industries, 1997-98, the fieldwork was carried out during 1998-99; the first 
attempt was made to collect such data. The data was also collected for getting the 
status of industries on quality certification aspects. The data reveals that a very small 
percentage of Indian industries viz. 3 % have taken all round measure in their 
industrial projects for quality maintenance. For obtaining an ISO 9000, etc. type of 
quality certification, the pollution auditing is a must. However, it is encouraging to 
note that in the industry group 30, 35 and 36, the position is somewhat better. These 
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groups of industries are generally dirty. Table 15 below reveals the position of quality 
certification in Indian organized manufacturing sector: 
Ta ble 15: Industry wise Position of ISO 9000 Certifled Factories 
Major 
Industry 
Group( NIC-
87) 
Description No of 
factories 
ISO 9000 etc. 
Certified 
Factories 
(No.) 
Percentage to 
Ail Factories 
1 2 3 4 5 
20 Mfg. of food products 14695 135 3.38 
21 Mfg. of food products 8109 86 2.15 
22 Mfg. of beverages, tobacco and related 
products 
8668 18 0.45 
23 Mfg. of cotton textiles 9227 140 3.50 
24 Mfg. of wool, silk and man-made fiber 
textile 
3989 74 1.85 
25 Mfg. of jute and other vegetable fibre 
textiles (except cotton) 
503 14 0.35 
26 Mfg. of textile products (including 
wearing apparel) 
5409 147 3.68 
27 Mfg. of wood and wood products, 
furniture and fixtures 
3787 7 0.18 
28 Mfg. of paper and paper products and 
printing publishing and allied industries 
6304 68 1.70 
29 Mfg. of leather and products of leather, 
fur & substitutes of leather 
1742 63 1.58 
30 Mfg. of basic chemicals & chemical 
Products 
9357 408 10.21 
31 Mfg. of rubber, plastic, petroleum 
and coal products; processing of 
nuclear fuels 
7597 285 7.13 
32 Mfg. of non-metallic mineral products 11376 162 4.05 
33 Basic metals and alloys industries 6915 243 6.08 
34 Mfg. of metal products and parts, 
except machinery & equipment 
8243 224 5.60 
35 Mfg. of machinery and equipment 
other than transport equipment 
8208 436 10.91 
36 -do- 5743 697 17.43 
37 Mfg. of transport equipment & parts 3999 385 9.63 
38 Other mfg. industries 2243 126 3.15 
39 Repair of capital goods 2240 35 0.88 
40 Power Generation 3644 185 4.63 
41 Gas and steam generation and distribution 
through pipes 
80 7 0.18 
42 Water works and supply 293 3 0.08 
43 Non-conventional energy generation and 
distribution 
4 1 0.03 
74 Storage and warehousing services 1078 4 0.10 
97 Repair services 1966 35 0.88 
All Industries Total 135431 3998 100.00 
Source: Annual Survey of Industries (ASI), 1997-98, Central Statistical Organisation (IS Wing), 
Kolkata 
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From further study of different parameters from ASI 1997-98 results, we find 
in table 16 that the percentage of capital cost for pollution control to total capital cost 
was not very significant for most of the major industries. More than 2 per cent of the 
total capital cost was incurred for pollution control in four major industries, viz.. 
Beverages, Tobacco & Products, Basic Chemicals & chemical products, Paper &. 
Paper Products and Leather & Products of Leather and Fur. Again, proportions of 
running expenses for pollution control in different industries were moderately low for 
almost all the industries. 
Table 16: Showing Industry-wise Expenses for Pollution Abatement Measures 
Major Industries 
Gross Value of Plant 
Machinery used for 
pollution control (in Rs. 
Lakh) 
Running expenses 
for Pollution 
Control (in Rs. 
Lakh) 
Food Products (20) 21937 863 
Other Food Products (21) 8301 480 
Beverages, Tobacco & Products (22) 18607 1039 
Cotton Textiles (23) 38897 4209 
Wool, Silk & man-made Fibre Textiles (24) 19928 3498 
Jute and other Veg. Fibre Textiles (25) 326 23 
Textile Products (inci. Wearing Apparel) (26) 2994 1973 
Wood and Wood Products (27) 510 9 
Paper and Paper Products (28) 33290 1413 
Leather & Products of Leather, Fur (29) 2902 1264 
Basic Chemicals & Chem. Products (30) 206864 15716 
Rubber, Plastic, Petrol & Coal Products(31) 26541 3072 
Non-Metallic Mineral Products (32) 78464 1104 
Basic Metal & Alloys Industries (33) 99954 12682 
Metal Products & parts (34) 2183 761 
Machinery & Equipments (35) 3782 1968 
Machinery & Equip. (Electronics, etc.) (36) 7946 555 
Transport Equipments, watches, clocks (37) 6953 1268 
Scientific equipments, watches, clocks (38) 712 55 
Repair of Capital goods (39) 45 13 
Electricity (40) 49233 1796 
Gas & Steam generation and distribution(41) 8 65 
Water works & Supply (42) 8 12 
Non-conventional Energy generation & 
distribution (43) 13 
Storage & Warehousing Services (74) 29 4 
Repair Services (97) 94 49 
All Industries 630509 53905 
Source: Annual Survey of Industries (ASI), 1997-98, Central Statistical Organisation (IS Wing), Kolkata 
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The state-wise data in table 17 reveals that the gross value of plant and 
machinery used for pollution control in proportion to total was very low in almost all 
states. It was 1.41 per cent for All-India and was below 1 per cent for 10 states / union 
territories. Jammu & Kashmir showed the maximum proportion of investment for 
pollution control in factory sector during 1997-98, followed by Meghalaya, Kerala, 
Kamataka and Himachal Pradesh. The percentage of running expenses for pollution 
control to total running expenses showed still less. It was just 0.08 per cent for All-
India and only 5 States, viz.; Andhra Pradesh, Gujarat, Bihar, Kerala and Maharashtra 
showed a higher percentage. 
Table 17: Gross Value of Plant & Machinery and Expenses for Pollution Control 
(State-wise Profile) 
State/ Union 
Territory 
Gross Value of Plant &Machinery(In 
Rs. Lakhs) Expenses (In Rs. Lakhs) 
Total 
For 
Pollution 
Control 
Percentage Total 
For 
Pollution 
Control 
Percentage 
Andhra Pradesh 2794345 45840 1.64 4306976 10659 0.25 
Assam 356015 4791 1.35 586747 351 0.06 
Bihar 1728848 17006 0.98 2008483 2734 0.14 
Goa 163162 3299 2.02 325144 103 0.03 
Gujarat 6337753 108404 1.71 8659921 12969 0.15 
Haryana 1071279 9941 0.93 2643347 469 0.02 
Himachal Pradesh 280943 8032 2.86 295439 88 0.03 
Jammu & Kashmir 51518 3909 7.59 98348 6 0.01 
Kamataka 2086455 68016 3.26 3243496 858 0.03 
Kerala 684410 22810 3.33 1598003 2054 0.13 
Madhya Pradesh 6703795 33191 0.50 3295420 2366 0.07 
Maharashtra 7511715 96638 1.29 13392602 11867 0.09 
Manipur 11324 261 2.30 10945 6 0.05 
Meghalaya 7660 410 5.35 10763 N.A N.A 
Nagaland 8227 110 1.34 27696 9 0.03 
Orissa 1692115 27323 1.61 1066900 316 0.03 
Punjab 1132484 11332 0.10 2586674 959 0.04 
Rajasthan 1471202 28112 1.91 2140400 612 0.03 
Tamil Nadu 3610976 64959 1.80 6725883 3983 0.06 
Tripura 25994 3 0.01 17264 2 0.01 
Uttar Pradesh 4197282 55548 1.32 5451142 1862 0.03 
West Bengal 2132352 18991 0.89 3068748 950 0.03 
A & N Islands 4234 N.A N.A 11088 N.A N.A 
Chandigarh 16198 128 0.79 90553 9 0.01 
Dadra & N. Haveli 202199 307 0.15 471990 62 0.01 
Contd., 
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Daman & Diu 72843 417 0.57 277664 11 0.004 
Delhi 189677 324 0.17 1184498 271 0.02 
Pondichery 108419 694 0.64 266467 189 0.07 
All-India 44653424 630797 1.41 63862602 53763 0.08 
Source: Annual Survey of Industries (ASI), 1997-98, Central Statistical Organisation (IS Wing), 
Kolkata 
Thus, the capital costs and running costs for pollution abatement in the factories 
in India may not be termed as high. If it is assumed that the desired control of 
pollution can be achieved at such low cost then the problem of externalities on product 
price for pollution abatement cost may not be a big issue. But, the reality is different. 
Industrial pollution is still a menace for the environment. Ministry of Environment 
and Forests, Govt, of India has already identified some of the industrial activities as 
Red category on the basis of their polluting factors. For the purpose of this study, the 
Red categories are considered to be polluting or dirty irrespective of their pollution 
abatement cost. The above data have already revealed that there is no significant 
difference in pollution control related cost among different group of factories. 
Therefore, the polluting factors are considered to be the proper measures in declaring 
an industry as dirty. 
TablelS; The Growth in Number of Dirty Units during last five ASI years. 
Major 
Industry 
Group 
(NIC-87) 
Description 
Number of units 
1996-
97 
1996-
97 
1998-
99 
1999-
2000 
2000-
01 
206 Mfg. and refining of sugar 1206 370 434 414 443 
220 
Distilling and 
Rectifying and blending of 
spirits 
168 193 169 155 170 
280 Mfg. of pulp, paper and paper board, newsprint 1053 1027 1037 941 911 
290 
Tanning, curing, 
finishing etc. of 
leather 
914 833 897 832 933 
Contd. 
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300 
Mfg. of industrial 
organic and 
inorganic chemicals 
1842 1894 1850 1993 1912 
301 Mfg. of fertilizers 
and pesticides 686 679 836 756 795 
302 Mfg of plastic primary form, 
synthetic rubber 240 279 300 256 275 
303 
Mfg. of paints, 
varnishes and 
related products 
1298 1198 1520 1201 1364 
304 Mfg. of drugs, 
medicines etc. 2487 2504 2683 2717 2721 
309 Mfg. of other 
chemical products 882 807 894 900 977 
314 
Mfg. of Refined 
petroleum 
products etc. 
91 208 146 176 212 
316 Mfg. of other petroleum products 100 154 117 115 136 
324 Mfg. of cement, lime, plaster 907 896 858 949 904 
330 
Mfg. of iron & 
steel in primary 
and self-finished forms 
1740 1809 511 741 572 
331 
Mfg. of semi 
finished iron and 
steel products in 
re-rolling mills, 
galvanizing etc. 
1596 1836 3031 2551 2830 
333 Mfg. of Copper 199 178 394 307 268 
335 Mfg. of Aluminum 317 340 407 426 469 
336 Mfg. of Zinc 41 30 66 55 102 
340 Mfg. of fabricated 
structural metal products 1115 1229 1107 1120 1153 
Total 16882 16464 17257 16605 17147 
All Industry 132814 136012 131706 131558 131268 
% to All Industry 12.71 12.10 13.10 12.62 13.06 
Source: Ann ual Survey of Industries (ASI), 1997 -98, Centra 1 Statistica Organisati on (IS Wing ), 
Kolkata 
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Table 19: Showing Year wise NVA Contribution of Dirty Industries 
(In Rs. Lakhs) 
industry Group 
NIC- 87 
N V A 
1996-97 
NVA 
1997-98 
NVA 
1998-99 
NVA 
1999-2000 
NVA 
2000-01 
206 202133 334902 383429 390848 435120 
220 91709 78241 91602 68354 66777 
280 192626 125715 133696 141686 234083 
290 7632 34898 28707 28975 23144 
300 481534 409616 384652 451672 516063 
301 569204 518559 786173 876030 619569 
302 179587 255635 693456 448747 419070 
303 174557 148479 220130 138968 160656 
304 610355 675181 678844 889019 727432 
309 155131 150706 133172 208740 134592 
314 546598 512107 553386 484448 555117 
316 65906 59274 -14135 -5376 113237 
324 528984 307689 212760 403298 431059 
330 998832 1038630 300847 295413 90562 
331 207189 199040 968741 879385 794340 
333 12039 22585 19558 121165 70297 
335 230734 241341 220224 318075 249972 
336 19837 22318 6966 16624 16576 
340 72651 65650 64907 48776 30154 
Total 5347238 5200566 5867115 6204847 5687820 
Source: Annual Survey of Industries (ASI), 1997-98, Central Statistical Organisation (IS Wing), 
Kolkata 
To conclude the above, it may be said that dirty industries are not only 
growing, but, also contributing significantly towards employment generation and 
national income. The cost incurred by these industries in pollution abatement is 
apparently low but requires further study to understand its effect on actual pollution 
abatement and product price. Then only the actual estimation of externalities will be 
feasible. Meanwhile, the trend is observed among the environmentalists or the green 
benches to shut down the polluting industries on the basis of complaints, public 
interest litigation, etc. as an immediate or interim measure to stop pollution and 
protect environment. The loss to the economy as well as in GDP on such judgments 
has never been counted. The advocates of the Green GDP may refute such loss but in 
practice such green accounting is not possible without a strong database which is not 
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available at this moment. Therefore, the jeopardy is clear. In economic terms, Indian 
economy cannot afford to shut down these industries. Neither the present level of 
environment can tolerate ftirther pollution out of these industries. The only choice left 
is to rigorously pursue the pollution abatement programme within a time frame. The 
cost towards this is an externality for the industry and therefore this is likely to affect 
the pricing policy of the industries, which our society may not bear uniformly, and 
here comes the role of a welfare state. Therefore a welfare government caimot remain 
a silent spectator in such issues. 
An industrialized economy generates more pollution all other thing being 
equal and the growth of industry reduces the environmental quality. On the other hand 
growth of industry promotes richer citizens that usually demand higher level of 
environmental quality. But the fact is that as environment protection takes up more 
and more of a country's national income, the time will come when the cost of 
pollution abatement will matter most. Though environmental protection costs money, 
but the information on pollution abatement cost is scarce. 
Nevertheless the cost of a few percent of GDP put a correct prospective on 
environmental protection, it ranges into hundreds of billions of dollars per year to a 
country, which may be unbearable to a developing country. Therefore the knowledge 
of pollution abatement cost is a necessary input in understanding an economy. In 
Annual Survey of Industries 1997-98 an effort was made by C.S.O., Govt, of India to 
collect pollution abatement cost from the factory sector of the country. The Tables 
below show the extent (Table 20) and expenditure incurred (Table 21) by different 
industrial sectors in pollution abatement. 
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Table 20: Showing the Extent of Pollution Abatement Measures taken Industry-
wise 
Major Industries 
(2-digit NIC code) 
Total 
No. of 
Facto 
-ries 
Factories which have taken Abatement Measures for 
Air Pollution Sound 
Pollution 
Surface 
Pollution 
Water 
Pollution 
No. 
Of 
Fact. 
Extent 
(%) 
No. 
Of 
Fact. 
Extent 
(%) 
No. 
Of 
fact 
Extent 
(%) 
No. 
Of 
Fact. 
Extent 
(%) 
1 2 3 4 5 6 7 8 9 10 
Food Products (20) 14695 1389 9.45 93 0.63 110 0.75 1446 9.84 
Other Food Products 
(21) 
8109 1340 16.52 167 2.06 156 1.92 1553 19.15 
Beverages, Tobacco & 
Products (22) 
8668 236 2.72 19 0.22 20 0.23 350 4.04 
Cotton Textiles (23) 9227 1338 14.50 124 1.34 77 0.83 1487 16.12 
Wool, Silk manmade 
Fibre Textiles (24) 
3989 669 16.77 24 0.60 15 0.38 939 23.54 
Jute and other Veg 
Fibre Textiles (25) 
503 58 11.53 9 1.79 5 0.99 55 10.93 
Textile Products 
(incl. Wearing Appr) 
(26) 
5409 372 6.88 36 0.67 7 0.13 326 6.03 
Wood and Wood 
Products (27) 
3787 213 5.62 18 0.48 1 0.03 105 2.77 
Paper and Paper 
Products (28) 
6304 356 5.65 12 0.19 39 0.62 597 9.47 
Leather & Products of 
Leather, Fur (29) 
1742 154 8.84 8 0.46 23 1.32 583 33.47 
Basic Chemicals & 
Chemical Products 
(30) 
9357 2652 28.34 262 2.80 284 3.04 3056 32.66 
Rubber, Plastic, 
Petrol & Coal 
products (31) 
7597 1270 16.72 140 1.84 150 1.97 1192 15.69 
Non-Metallic Mineral 
Products (32) 
11376 1618 14.22 99 0.87 49 0.43 675 5.93 
Basic Metal & Alloys 
Industries (33) 
6915 2068 29.91 169 2.44 96 1.39 1322 19.12 
Metal Products «fe 
parts (34) 
8243 637 7.73 97 1.18 50 0.61 572 6.94 
Machinery & 
Equipments (35) 
8208 605 7.37 100 1.22 30 0.37 584 7.12 
Machinery & Equip. 
(Electronics, etc.) (36) 
5743 554 9.65 72 1.25 28 0.49 531 9.25 
Transport 
Equipments & parts 
(37) 
3999 460 11.50 80 2.00 27 0.68 458 11.45 
Scientific equipments 
watches, clocks (38) 
2243 132 5.88 20 0.89 2 0.09 133 5.93 
Contd. 
154 
Repair of Capital 
goods (39) 
2240 105 4.69 17 0.76 5 0.22 90 4.02 
Electricity (40) 3644 2365 64.90 1088 29.86 358 9.82 1444 39.63 
Gas & Steam 
generation and 
distribution (41) 
80 14 17.50 2 2.50 3 3.75 15 18.75 
Water works & 
Supply (42) 
293 3 1.02 0 0.00 0 0.00 8 2.73 
Non-conventional 
Energy generation & 
distribution (43) 
4 1 25.00 0 0.00 0 0.00 0 0.00 
Storage & Ware-
housing Services(74) 
1078 41 3.80 3 0.28 4 0.37 65 6.03 
Repair Services (97) 1966 131 6.66 52 2.64 18 0.92 135 6.87 
TOTAL 135431 18792 13.88 2718 2.01 1564 1.15 17733 13.09 
Source: Annual Survey of Industries (ASl), 1997-98, Central Statistical Organisation (IS Wing), Kolkata 
Table 21: Showing Expenses for Pollution Abatement Measures Industry-wise 
Major Industries Gross Value of Plant 
& Machinery used for 
pollution 
control (in Rs. Lakh) 
Running expenses 
for Pollution 
Control (in Rs. 
Lakh) 
Food Products (20) 21937 863 
Other Food Products (21) 8301 480 
Beverages, Tobacco & Products (22) 18607 1039 
Cotton Textiles (23) 38897 4209 
Wool, Silk & man-made Fibre Textiles(24) 19928 3498 
Jute and other Veg. Fibre Textiles (25) 326 23 
Textile Products (incl. Wearing Apparel) (26) 2994 1973 
Wood and Wood Products (27) 510 9 
Paper and Paper Products (28) 33290 1413 
Leather & Products of Leather, Fur (29) 2902 1264 
Basic Chemicals & Chem. Products(30) 206864 15716 
Rubber, Plastic, Petrol & Coal Products (31) 26541 3072 
Non-Metallic Mineral Products (32) 78464 1104 
Basic Metal & Alloys Industries (33) 99954 12682 
Metal Products & parts (34) 2183 761 
Machinery & Equipments (35) 3782 1968 
Machinery & Equip. (Electronics, etc.) (36) 7946 555 
Transport Equipments, watches, clocks(37) 6953 1268 
Scientific equipments, watches, clocks(38) 712 55 
Repair of Capital goods (39) 45 13 
Electricity (40) 49233 1796 
Gas & Steam generation and distribution (41) 8 65 
Water works & Supply (42) 8 12 
Non-conventional Energy generation & 
distribution (43) 
0 13 
Storage & Warehousing Services (74) 29 4 
Repair Services (97) 94 49 
All Industries 630508 53904 
Source: Annual Survey of IndusU-ies (ASI), 1997-98, Central Statistical Organisation (IS Wing), Kolkata 
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CHAPTER-6 
CONCLUSIONS AND RECCOMENDATIONS 
6.1 FINDINGS AND CONCLUSIONS 
> It may be said that dirty industries are not only growing, but, also contributing 
significantly towards employment generation and national income. The cost 
incurred by these industries in pollution abatement is apparently low but 
requires further study to understand its effect on actual pollution abatement 
and product price. Then only the actual estimation of externalities will be 
feasible. Meanwhile, the trend is observed among the environmentalists or the 
green benches to shut down the polluting industries on the basis of complaints, 
public interest litigation, etc. as an immediate or interim measure to stop 
pollution and protect environment. The loss to the economy as well as in GDP 
on such judgments has never been counted. The advocates of the Green GDP 
may refiite such loss but in practice such green accoimting is not possible 
without a strong database which is not available at this moment. 
> It can be observed that the share of industries in water pollution is changing 
over the period 1980 to 1996. Chemical industries appear to be an important 
candidate for water pollution monitoring. Although the share of Food is the 
maximum, there are signs of decline in this sector. Another important polluter. 
Textiles is also showing a declining trend. Increase in the share of Chemicals 
could also be because the composition of industrial output has changed from 
metal and metal based to chemical and chemical based and also to micro-
electronic based. Such a trend was reported even during the 1980s (Kelkar and 
Kumar 1990). 
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> Some of the large firms are taking anti-pollution measures of their own as well 
as complying with the official regulations. It may be seen that Indian industry 
has already started to consider such externalities and adopted measure for 
pollution control under, of course, executive and judicial pressure. But, 
absence of relevant database makes the task to estimate such cost and its effect 
on country's economy difficult. Avery small percentage of Indian industries 
viz. 3 % have taken all round measure in their industrial projects for quality 
maintenance. However, it is encouraging to note that in the industry group 30, 
35 and 36, the position is somewhat better. These groups of industries are 
generally polluting by nature. 
> More than 2 per cent of the total capital cost was incurred for pollution control 
in four major industries, viz., Beverages, Tobacco & Products, Basic 
Chemicals & chemical products. Paper & Paper Products and Leather & 
Products of Leather and Fur. Again, proportions of running expenses for 
pollution control in different industries were moderately low for almost all the 
industries. 
> The gross value of plant and machinery used for pollution control in 
proportion to total was very low in almost all states. It was 1.41 per cent for 
All-India and was below 1 per cent for 10 states / union territories. Jammu & 
Kashmir showed the maximum proportion of investment for pollution control 
in factory sector during 1997-98, followed by Meghalaya, Kerala, Kamataka 
and Himachal Pradesh. The percentage of running expenses for pollution 
control to total ruiming expenses showed still less. It was just 0.08 per cent for 
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All-India and only 5 States, viz.; Andhra Pradesh, Gujarat, Bihar, Kerala and 
Maharashtra showed a higher percentage. 
> It is estimated that Indian industry may have to spend around 2 to 5 % of its 
capital investment on pollution control. The annual operating costs are 
expected to be between 15 to 30 per cent of the investment made on the 
treatment facilities. 
> The state and other local governments prepare and execute various controls in 
accordance with the environmental policies and guidelines laid down by the 
national government. The pollution control boards (PCBs) on the state and 
municipal levels are responsible for pollution prevention and environmental 
management. Their duties include issuance of operating licenses to firms 
meeting environmental standards, periodic monitoring, and issuance of 
warnings and instructions to violators. 
> The man-made contamination is mainly due to large-scale industrialisation and 
urbanization which is byproduct of rapid industrialisation. The carbon dioxide 
gas emission in India is increasing at alarming rate, but still lag behind china 
and few industrialized countries. 
> India's average BOD emission is 1466967 kg per day, while for China it is 
5847050 kg per day, for USA 2504205 kg per day. It is also obvious that BOD 
emission variation in India is lower than USA and China 
> The cost of a few percent of GDP put a correct prospective on environmental 
protection, it ranges into hundreds of billions of dollars per year to a country, 
which may be tuibearable to a developing country. Therefore the knowledge of 
pollution abatement cost is a necessary input in understanding an economy. 
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Data on actual water consumption in India is absent. However, the data on 
wastewater discharge by various industrial sectors in the country is available. 
The data on wastewater discharge has been compiled by CPCB. According to 
CPCB, the total wastewater discharged by all major industrial sources is 
83,048 million litres per day (mid). This includes 66,700 mid of cooling water 
discharged by thermal power plants (TPPs). Out of the remaining 16,348 mid 
of wastewater, TPPs generates another 7,275 mid as boiler blowdown water 
and overflow from ash pond. 
According to CPCB the aimual water consumption in Indian industry is 
40 billion cubic meters and the annual wastewater discharge is about 30.7 
billion cubic meters. Therefore, the overall ratio of wastewater discharged to 
freshwater consumption in Indian industry works out to be about 0.77. For 
every cubic meter of water consumed by Indian industry, 0.77 cubic meters of 
wastewater is discharged. 
Under the Program of Industrial Pollution Control along the Rivers and Lakes 
has shown massive improvement. The number of defaulting industries was 
stand at 851 in 1997 which is reduced to 22 in 2000. During 1997 to 2000, the 
number of defaulting industries reduced almost by 97 percent. It is a drastic 
reduction in the nimiber of defaulting industries. 
It is observed that 68% of the total 4119 observations taken on BOD during 
2005 have BOD less than 3 mg/1, which is 2% more than the previous year and 
water bodies are further being polluted. However, number of observations with 
BOD more than 6 mg/1 has decreased from 15% during the year 2004 to 14% 
during 2005 indicating that pollution load is on the decreased. This can be 
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attributed to water scarcity due to over abstraction, low rainfall in many parts 
of the country and increasing load. However, the number of observations 
having high coliform density have somewhat reduced. 
> As against to the maximum permissible limits laid down by CPCB for annual 
average concentration of SPM in ambient air - 70 \ig/m^ in sensitive areas, 
140 |ig/m inresidential areas and 360 fig/m in industrial areas, it is found 
that the SPM levels are high in most of the metropolitan cities in India. 
> While the Indian steel companies consume about 10-80 cubic meters water to 
produce a single tonne of steel, in the US only 5-10 cubic meters of water is 
needed. Global best practice for wastewater discharge in integrated iron and 
steel plant is less than 0.1 cubic meter per tonne steel. Indian industry will 
have to reduce its voracious appetite for water. Water, the once inexhaustible 
natural resource, is going to be one of the most important factors to decide the 
growth and development of Indian industry in the future. 
> The ratio of economic value creation and water consimiption in Indian industry 
is poor. For every cubic metre of water that Indian industry uses, it generates 
merely US $7.5 as economic productivity. 
> The niunber of small scale industries is estimated to be over 0.32 million units, 
of which many are highly polluting. The share of the SSIs in term of 
wastewater generation among several of the major polluting industries was 
found to be about 40%. 
> Water Pollution Load (tons of BOD) based Output intensity for all industries 
in various states is a matter of concern. The pollution load for Bihar is 321494 
tonnes which is highest amongst states. 
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> Iron and Steel industry ranked top and Aluminum industry is at bottom in the 
category of most polluting industries. But, Iron and steel industry largest 
employer amongst these industries. 
> The compound annual growth rate of carbon dioxide emissions in India is 
found to be high from various source points. The compound annual growth 
rate of C02 emission from gas fuels stands at 13.16 per annum which is highest 
among all categories of sources. It may be due to massive increase in vehicles 
across country. The Cement industry stands second with compound annual 
growth rate of 8.14 per annimi. It may be due to increased demand of cement 
and related product, for infrastructural development such road, railways, 
electrification, industrial estates, etc., which India witnessed in last three or 
more decades. All these are the parcel of rapid pace of industrialisation in 
India without any doubt. But, it requires a further probe into the nexus. 
> In India, the development of the theory of environmental policies has gone 
through three phases. The first is related to the investigation of market failures 
and prisoners' dilemma type of problems, the second is about a purely 
government solution, and the third is that of institutional alternatives in which 
the market plays an important role. The empirical evidence for envirorunental 
degradation under free market management in the first phase may be ascribed 
to the somewhat underdeveloped market institutions to cope with 
environmental externalities. The failure can be attributed to the absence of 
property rights to envirorunental resources and supporting legal systems. 
> The study shows that the status of defaulters under the Program of Industrial 
Pollution Control along the Rivers and Lakes in India during the year 1997 and 
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2000 is on declining side. It strengthened the government plan to provide safe 
and clean drinking water to the millions of people , do not have access to clean 
water earlier. 
> The status of pollution control in the category of 17 highly polluting industries 
is improved. The number of defaulting industries out of total 1551 identified 
polluting industries shows a decreasing trend upto 2003. Out of these 
indentified 1551 industries about 77 per cent are predominantly water 
polluting and 15 per cent are predominantly air polluting, and the remaining 8 
per cent are both air and water polluting industries. Armual progress in the 
implementation of pollution control measures in the 17 categories of highly 
polluting industries is presented in the Economic Survey of the India (2000-
01). According to the CPCB, in the year 1993 out of a total of 1,551 large and 
medium industries identified in 1992 in the 17 categories of highly polluting 
industries, 960 industries have installed the requisite pollution control facilities 
to comply with the prescribed environmental standards. 51 industries have 
closed down and 540 industries are yet to install the necessary pollution 
control facilities. The number of defaulting industries shows a declining trend 
from 1993 to 2003. But, it shows an increasing trend from 2004 both in 
absolute as well as in relative terms. 
> One of the major problems related to the industrial growth and pollution 
prevention is the activism of several NGOs. Public opinion and various 
public interest litigation against pollution has lead to greater awareness 
amongst the industrialists, authorities and communities. 
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6.2 RECOMMENDATIONS: 
> The current state of environmental monitoring, reporting, and enforcement 
shows that the government alone is not up to the task. Therefore, other players 
and institutions in India, from NGOs to private firms to lenders must help to 
foster an atmosphere conducive to the growth of more sustainable and 
transparent industrial practices. 
> It is obvious from study that 70 (60.86%) out of 115 STPs established till 2006 
were able to achieved the norms set by the central pollution control board. It is 
not very encouraging trends and monitoring and complying must be 
strengthened to check the pollution. 
> Indian economy cannot afford to shut down polluting industries. Neither the 
present level of environment can tolerate fiirther pollution out of these 
industries. The only choice left is to rigorously pursue the pollution abatement 
programme within a time frame. The cost towards this is an externality for the 
industry and therefore this is likely to affect the pricing policy of the 
industries, which our society may not bear uniformly, and here comes the role 
of a welfare state. Therefore a welfare government cannot remain a silent 
spectator in such issues. 
> If the ongoing pace of industrialisation is not met with effective environmental 
management then there would be imtoward consequences in India. The India is 
required to innovate environmental practices based on incentives for industries 
to perform well in their environmental management, formulate economic and 
enviromnental policies simultaneously in order to achieve sustainability of the 
growth process. 
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A regular monitoring of Groundwater quality should be done in the areas 
where water was found contaminated in metropolitan cities. Proper collection 
& treatment of wastewater and proper collection & disposal of municipal solid 
waste should be done. Industrial activities specially, polluting industry should 
be prohibited in residential areas. No stagnation of wastewater should be 
allowed to avoid percolation of contaminants in groundwater. 
The underlying problem is that many current demographic, economic, and 
industrial trends currently seem to point unmistakably in the wrong direction, 
i.e. away from sustainability. To achieve sustainability, and to minimize 
ecological risk, it will be necessary to reverse most of these trends. Indeed, 
some aggregated measures of material and energy use may have to be reduced 
by large factors (four to ten). 
It is true that economical prosperity is a gift of industrialisation. But every coin 
has two sides. And we have overlooked the other side of industrialisation coin 
that is rise in pollution level in India. The industrialisation should be carried 
out in such a way so that it can maintain sustainable development. The short-
term effects of industrialisation are very attractive but care should be taken that 
it does not create ecological imbalance and environment damage on long term. 
Industrialisation must not be take place at the cost of poor and oppress class of 
the society. 
People must be involved in the policy making process in the democratic 
country like ours. People will decide that what kind of development they want; 
rapid industrialization or sustainable growth? Local people are the most 
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concerned party about developmental activities so dialogue must be carried out 
with them first before planning any developmental policies. 
Laws can be best implemented by government agencies but it is not possible 
for government to reach in each part. So local people are the best monitoring 
agency. For sustainable development peoples' participation is important. 
Environment management can best be done through community efforts. Public 
Interest Litigation should be filed by communities or their leaders in a stronger 
manner so that landmark judgment and even change in existing laws. 
We are habituated to read minimum one article on pollution in various media. 
The industrialist and policy makers argued that it is strategy to obstruct the 
development of India. Media may have over highlighted the pollution 
problems, but pollution is in existence and one cannot ignore it by saying 
barrier in development. Pollution problems can be best tackle by collective 
efforts of government, industries and local people rather than hiding the fact of 
industrial pollution in close door meetings. 
Industrialisation can be heartily welcomed but not its by-product like 
pollution, imbalance in natural balance etc. As in industrialization and 
development India is also at top in pollution problems. Our Coimtry policy-
makers have to admit this fact and should strike a balance between 
industrialisation and sustainability. 
The number of defaulting industries shows a declining trend upto the Year 
2003. But, now showing an increasing trend both in absolute as well as in 
relative terms. This rising trend should be checked by the Govt, of India at any 
cost. 
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